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IMTROOUCTION 

The  User's  Guide  is  designed  to  assist  the  current  and  potential  users  of  Nr^TRAN^  (NASA 
STRuctural  ANalysis)  to  make  full  use  of  the  program's  capabilities.  NASTRAN  is  intended  to  serve 
the  engineering  community  by  integrating  the  state-of-the-art  in  engineering  and  numerical  methods 
into  a single  program  for  the  analysis  of  large  and  complex  structures. 

Four  technical  manuals  serve  to  document  the  NASTRAN  program.  The  Theoretical  Manual  presents 
a topic-by-topic  discourse  of  the  theory,  assumptions,  and  methods  of  analysis  for  those  interested 
in  the  analytical  techniques.  The  User's  Manual  is  the  primary  reference  document  which  describes 
those  items  related  to  the  use  of  NASTRAN  that  are  independent  of  the  computing  systems  being  used. 
The  third  document  is  the  Programmer's  Manual  which  presents  the  details  of  the  program,  its  organ- 
ization, its  file  structure,  and  its  implementation  on  each  of  the  three  computer  systems,  IBM  360/ 
370,  UNIVAC  1100  Series,  and  CDC  6000/CYBER  Series  for  which  NASTRAN  is  maintained.  The  fourth 
document  is  the  Demonstration  Problem  Manual  which  serves  to  describe  and  illustrate  sample  problems 
uS'-.  d to  verify  the  proper  functioning  of  the  program.  These  problems  are  selected  to  demonstrate 
the  program  capabilities  with  its  many  options  for  modeling,  loading,  selection  of  output  and 
control  of  analyses. 

Each  of  these  four  manuals  provides  a wealth  of  information  useful  to  the  understanding,  use 
and  development  of  NASTRAN.  However,  in  that  they  were  designed  for  reference  purposes  primarily, 
the  organization  of  each  does  not  readily  lend  itself  to  easy  access  except  by  experienced  users 
and  programmers.  Therefore,  the  User's  Guide  was  developed  and  organized  so  as  to  present  the 
many  options  available  in  the  logical  sequence  in  which  the  input  data  would  be  prepared.  These 
options  are  briefly  described  and  tabulated  according  to  purpose  to  help  the  user  select  the  alter- 
native best  suited  to  his  needs.  References  are  given  to  the  location  in  the  standard  documentation 
where  detail  descriptions  may  be  found.  The  User's  Guide  also  contains  many  examples  illustrating 
typical  applications  of  NASTRAN  modeling  and  control  features  which  may  be  used  as  models  for  input 
data  preparation. 

The  user  is  expected  to  be  familiar  with  the  rudiments  of  finite  element  structural  analysis 
and  to  be  aware  of  basic  modeling  concepts.  The  Theoretical  Manual,  of  course,  can  be  referred 
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1.  INTRODUCTION 


1.1  ORIENTATION  TO  THE  USER'S  GUIDE 

The  overall  organization  of  the  User's  Guide  Is  subdivided  Into  tivo  parts.  The  first  part 
begins  with  a review  of  NASTRAN  design  philosophy,  specific  Instructions  and  suggestions  on  how 
to  use  the  program  documentation,  data  descriptions  for  model  and  load  definition  and  descrip- 
tions of  the  program  control  options.  The  description  of  these  basic  tools  of  NASTRAN  Is  followed 
by  examples  and  guidelines  for  the  execution  of  each  of  the  standard  fores  of  analysis  available 
in  NASTRAN  and  a sumnary  review  of  the  computer  and  plotter  output  that  can  be  obtained  with 
NASTRAN.  The  Guide  then  discusses  some  of  the  utility  functions  available  for  user  convenience, 
provides  examples  of  machine-dependent  card  deck  setup  for  execution  of  NASTRAN  on  the  three 
computer  systems  for  which  NASTRAN  Is  maintained.  The  communication  devices  designed  to  help 
keep  the  user  up  to  date  with  the  current  developments  and  for  him  to  share  this  experience 
with  other  NASTRAN  users  are  outlined.  The  operating  principles  and  means  of  estimating  computer 
resource  requirements,  the  special  NASTRAN  matrix  abstraction  language  (OHAP)  for  controlling 
execution,  and  the  means  of  Interfacing  NASTRAN  with  other  programs  are  presented.  All  three 
sections  of  the  Guide  serve  to  Introduce  the  capabilities  which  are  then  discussed  In  terms  of 
their  applications  in  the  second  part  of  the  Guide.  The  second  part  of  the  Guide  describes 
In  separate  sections  the  analytical  capabilities  for  which  NASTRAN  Is  especially  designed:  static 
and  dynamic  analyses,  substructuring,  aerodynamics,  heat  transfer,  and  a variety  of  other  special 
purpose  modeling  facilities. 

The  User's  Guide  is  not  Intended  to  represent  the  full  detail  of  NASTRAN's  capabilities. 
NASTRAN  provides  such  a flexible  array  of  analytical  options,  the  user  will  find  unending  com- 
binations of  alternatives.  As  the  user  becomes  familiar  and  comfortable  with  the  use  of  NASTRAN, 
he  will  want  to  use  the  more  sophisticated  features  of  NASTRAN.  The  User's  Guide  will  serve 
to  help  direct  these  users  to  effectively  apply  their  Imagination  and  analytical  abilities. 
However,  to  keep  the  volume  of  this  Guide  within  manageable  proportions,  the  user  Is  expected  and 
encouraged  to  make  full  use  of  the  references  provided  to  the  standard  NASTRAN  manuals. 
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1.2  ORIENTATION  TO  NASTRAN 

NASTRAN  is  a general  purpose  computer  program  designed  to  analyze  the  behavior  of  structures 
under  a wide  variety  of  operating  environments.  Its  nature  is  general  purpose  which  makes  the 
program  useable  for  structures  of  any  size,  shape,  class,  or  configuration,  for  any  geometric 
representations  which  can  be  Identified  by  any  convenient  coordinate  system,  for  elastic  relations 
which  may  range  from  isotropic  to  general  anisotrophy,  for  non-linear  behavior  that  can  be  repre- 
sented  by  piecewise  linear  approximations,  for  complex  as  well  as  real  matrix  operations,  for 
vibration  frequency  and  mode  determination,  and  for  a wide  variety  of  loading  conditions.  The 
various  loading  conditions  may  be  concentrated  or  distributed,  transient,  steady-state  sinusoidal; 
static  temperature  profiles;  enforced  deformations;  time-varying  as  well  as  static  surface  and 
body  forces;  and  stationary  Gaussian  random  excitation.  NASTRAN  will  also  perform  aerodynamic, 
hydroelastic,  and  heat  transfer  analyses. 

NASTRAN,  as  a computer  program,  is  organized  to  permit  future  modification  and  continued 
expansion  to  new  disciplines.  NASTRAN  is  maintained  and  supported  by  the  National  Aeronautics 
and  Space  Administration  (NASA).  New  releases  of  the  program  are  made  periodically  to  meet  the 
rapidly  expanding  needs  of  government  agencies  and  the  aerospace  industry.  It  also  has  received 
wide  acceptance  In  the  petro-chemical  , nuclear  reactor,  transportation,  and  construction  industries 
both  domestically  and  abroad. 

NASTRAN  may  be  obtained  from  COSMIC,  112  Barrow  Hall  , University  of  Georgia,  Athens, 

Georgia  30602.  Versions  of  NASTRAN  are  available  for  installation  on  each  of  three  computer 
systems:  the  CDC  6000  Series,  the  IBM  360/370  Series,  and  the  UNIVAC  1100  Series  computers. 

The  following  sections  provide  an  introduction  to  NASTRAN  as  a computer  program  system  for 
structural  analysis  and  structural  design.  The  final  two  sections  focus  on  the  management  topics 
of  planning  and  controlling  an  analysis  activity  using  NASTRAN. 
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1.3  NASTRAN  AND  STRUCTURAL  ANALYSIS 

NASTRAN  analyzes  models  by  the  displacement  method  of  the  finite  element  approach.  With 
this  approach,  the  distributed  physical  properties  of  a structure  are  represented  by  a model 
which  consists  of  a finite  number  of  Idealized  components  or  structural  elements.  These  elements 
are  defined  by,  and  serve  to  Interconnect  a finite  number  of  grid  points  to  which  loads  may  be 
applied.  The  grid  point  Is  the  basic  framework  for  the  structural  model  and  all  aspects  of  the 
model  definition  are  referenced  either  directly  or  Indirectly  to  these  grid  points.  The  struc- 
tural element  (which  may  be  a line,  a surfavc.  or  a solid  element)  Is  a convenient  means  for  sped 
fylng  many  of  the  properties  of  the  structure.  Including  material  properties,  mass  distribution, 
and  some  types  of  applied  loads.  In  addition,  various  kinds  of  constraints  can  be  applied  to 
grid  points.  Single-point  constraints  are  used  to  specify  boundary  support  conditions  and  multi- 
point constraints  may  be  used  to  specify  a linear  relationship  among  selected  degrees  of  freedom. 

Structural  elements  are  provided  In  NASTRAN  for  the  specific  representation  of  the  more 
cornnon  types  of  construction  Including  rods,  beams,  solids,  shear  panels,  plates,  and  shells  of 
revolution.  More  general  types  of  construction  are  treated  by  combinations  of  these  elements 
and/or  the  use  of  "generar  or  user  specified  elements.  For  sophisticated  dynamic  and  control 
systems  analyses,  aerodynamic  transfer  functions  and  other  non-structural  features  also  may  be 
incorporated  into  the  analytical  model. 

NASTRAN  has  been  specifically  designed  to  treat  large  problems  with  many  degrees  of  freedom. 
The  only  limitations  on  problem  size  are  those  imposed  by  practical  considerations  of  running 
time  and  by  the  ultimate  capacity  of  auxllllary  storage  devices  provided  by  the  computer  facility 
being  used.  Computational  procedures  implemented  in  NASTRAN  have  been  selected  to  provide  the 
maximum  obtainable  efficiency  for  large  problems  with  particular  attention  given  to  processing 
sparce  matrices.  Though  NASTRAN  Is  decidedly  not  constrained  to  in-core  processing  only,  the 
more  core  memory  that  can  be  made  available,  the  more  efficient  that  processing  will  be. 

NASTRAN  also  provides  an  automated  multi-stage  substructuring  capability  for  static  and 
dynamic  analyses.  This  capability  is  particularly  useful  for  handling  large  or  complex  models 
and  for  modeling  structures  with  repetitive  components.  The  capability  may  be  used  to  realize 
significant  processing  and  model  development  efficiencies  for  very  large  models. 
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The  needs  of  the  structural  analyst  have  been  considered  in  all  aspects  of  the  design  of 
the  program.  However,  in  view  of  the  wide  range  of  possible  applications  of  the  program  now  and 
in  the  future,  ail  the  analytical  and  user  needs  could  not  be  anticipated  in  advance.  For  this 
reason,  a high  degree  of  flexibility  and  generality  has  been  incorporated  into  the  program. 

For  example,  in  addition  to  the  usual  list  of  structural  elements  that  refer  to  specific  types 
of  construction,  the  user  may  elect  to  define  a “general"  element  to  represent  part  of  a struc- 
ture by  providing  deflection  influence  coefficients,  or  to  represent  part  of  a structure  by 
its  vibration  modes.  The  user  is  provided  with  a number  of  convenience  features,  including  plotting, 
selective  output,  checkpoint/restart,  and  diagnostic  facilities  which  are  definite  necessities  for 
large  problems. 

A major  difficulty  that  the  user  faces  in  the  solution  of  large  problems  is  the  avoidance 
of  errors  in  the  preparation  of  input  data.  Card  formats  and  card  ordering  are  made  as  simple 
and  flexible  as  possible  in  order  to  avoid  errors  caused  by  trivial  violations  of  format  rules. 

A number  of  aids  such  as  automatic  data  generation,  extensive  plotter  capability,  grid  point 
singularity  tests,  and  grid  point  force  balance  printout  have  been  provided  to  help  the  user 
develop  and  validate  his  model.  The  sophisticated  checkpoint/restart  capability  is  designed 
for  recovery  from  data  or  system  error  cpnditions,  to  allow  for  examination  of  intermediate 
results,  and  to  allow  for  retrieval  of  additional  selective  output  following  completion  of  the 
analysis . 
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1,4  NASTRAN  AND  STRUCTURAL  DESIGN 

NASTRAN  may  be  effectively  used  to  support  the  U ' of  structural  design  as  well  as  perform 
detailed  structural  analyses. 

The  automated  multi-stage  substructuring  capability  is  an  ideal  tool  for  the  support  of  design 
activities.  The  substructuring  capability  may  be  useu  to  model  as  separate  components  those  seg- 
ments of  the  overall  structure  which  may  require  design  iterations.  The  substructure  least  likely 
to  be  changed  would  then  be  incoriorated  in  the  early  stages  of  model  development  since  it  would 
not  need  to  be  regenerat'j  in  order  to  study  the  effects  of  design  changes  made  to  components 
added  in  the  la*,  stages  of  model  development. 

NASTRAN  also  provides  a capability  for  an  iterative  fully  stressed  property  design  option 
with  static  analysis.  This  capability  automatically  minimizes  cross  sectional  area  thickness,  or 
nfioments  of  inertia  to  permit  the  structure  to  carry  prescribed  loads  as  maximum  stress. 

Special  facilities  have  been  incorporated  to  help  a user  interface  NASTRAN  with  other  programs 
for  pre-  and  post-processing.  Thus,  automated  data  generation  and/or  output  interpretation  can 
be  utilized  with  special  user  programs  designed  to  meet  his  special  needs. 


Whether  for  design  or  for  analysis,  exploiting  NASTRAN’s  capabilities  requires  planning  and 
control  to  obtain  reliable  results  efficiently. 
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1.5  PLANNING  A NASTRAN  ANALYSIS 

oeuiled  nodell.9  of  co»pl«  structpr.*  for  .«lys1»  M e,pe.s...  to  of  b.H. 

^ .pd  c™,pot.r  resource.  CnW.  of  th.«  c««  ts  0Sd.ll,  r„uir«l.  .nO  c.ptr.1  c.n  b. 

«st  «1ot.lp«l  b,  .dh.r.p«  to  ..  .«l,sl.  ProJ«t  plan,  lo  this  sect,...  goidelinos  to  the 

preparation  of  a NASTRAN  analysis  plan  are  presented. 

A S099«ted  .pproach  to  plao«lt,9  a AASTBAH  analysts  Involves  separating  tbe  aotivit,  into 
three  phases:  the  problen  Oefinltton  phase,  the  analysts  set-up  phase,  and  the  analysis  execution 

phase. 

the  problen.  definition  phase  provides  the  fr.a»«rlt  for  the  renaining  NASTRAh  planning 
activity.  Key  activities  in  this  phase  include; 

1.  Identify  the  structure  to  be  modeled  using  references  to  drawings,  layouts,  cr  other 

documents. 

2.  Carefully  define  the  purpose  and  oDjectives  of  the  analysis. 

3.  Identify  the  desired  results  to  be  obtained  from  the  analysis. 

4.  Define  the  budget,  computer  resources,  and  timeframe  for  the  analysis. 

5.  Define  the  engineering  assumptions  which  are  to  be  made. 

The  analysis  set-up  phase  involves  a variety  of  tasks.  Some  pertinent  .uescions  to  ho  an 
swered  are  also  indicated  for  some  tasks. 

1.  Locataahd  col  loot  deacrtptiv.  data  of  the  nodal . Can  autcratic  data  gcnar.ticn  be 

used? 

2.  Define  normal  NASTRAN  output  requirements.  What  theoretical  cr  expenmental  dat?  ait 
available  for  model  checkout  and  validation? 

3.  Idantlf,  axt.rh.1  input  dv  output  Intarfaca.  «lth  HASTPAN.  «ce  pro-  or  p.tt-prccetto 
to  be  used  or  developed? 

a.  select  the  r.,p,lr.d  Rigid  Fonaat  and  not.  any  special  re,uire.ents  of  that  Rigid 
fonaat.  Will  s.v.r.1  Rigid  Fonaats  U osad  at  different  stages  in  the  analysis! 


INTRODUaiON 


I 


5.  Plan  for  documentation  at  this  stage  of  the  analysis.  What  structural  plots  are 
required  for  documentation? 

6.  Prepare  a detailed  cost  resource  requirement  and  schedule  plans  for  the  analysis. 

Are  there  plans  consistent  with  the  budget  computer  resources,  and  timeframe  esta- 
blished In  the  problem  definition  phase? 

The  plan  for  execution  phase  should  Include  a description  of  the  tasks  and  provide  answers 
to  the  questions  which  follow. 

1.  Specify  data  base  management  procedures.  Will  the  User's  Master  File  (UMF)  or  Sub- 
structure Operating  File  (SfF)  be  used,  or  will  other  computer  system  file  utilities 
be 

2.  Specify  methods  for  checking  the  model  and/or  Its  components.  Can  plotting  be  effec- 
tively used?  Can  simplified  loadings  and  boundary  conditions  be  used  at  Intermediate 
stages  of  model  development  and  checkout? 

3.  Plan  for  tracking  the  analysis  progress  In  terms  of  cost,  model  validity,  and  model 
accuracy.  How  can  NASTRAN  diagnostics  or  special  Cost  Control  output  be  used? 

4.  If  the  analysis  will  Involve  using  an  unfamiliar  Rigid  Format,  DMAP  alters,  or  other 
new  modeling  procedures,  plan  a "pilot  model"  analysis.  With  the  pilot  model,  test 
all  NASTRAN  features  to  be  exercised  In  the  final  analysis.  This  will  assure  the 
planned  analysis  methods  will  satisfy  the  analysis  objectives. 
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1.6  HANAGEHENT  OF  NASTRAN  PROCESSING 

The  organization  of  the  NASTRAN  system  provides  many  means  for  management  control  and 
monitoring  of  NASTRAN  processing.  NASTRAN  provides  standard  solution  techniques  called  Rigid 
Formats  for  executing  different  types  cf  static,  dynamic,  stability,  or  heat  transfer  analyses. 
The  Rigid  Formats  provide  the  p^^lnclpal  form  of  management  control  because  they  provide  a proven, 
well  documented  procedure  for  a given  analysis  sequence.  In  conjunction  with  each  Rigid  Format, 
NASTRAN  provides  a checkpoint/ restart  capability.  This  capability  allows  runni  ig  a problem  In 
multiple  steps  to  obtain  intermediate  results,  as  required,  for  checking  the  model  and  its  res- 
ponse. Also,  the  checkpoint /res tart  capability  can  be  used  for  efficient  error  recovery.  With 
this  capability,  costly  and  unnecessary  repetition  of  valid  data  calculations  may  be  avoided  when 
recovering  from  errors. 

NASTRAN  also  provides  an  extensive  diagnostic^ output  capability.  The  diagnostic  messages 
can  be  used  in  several  ways  to  monitor  the  progress  of  an  analysis. 

The  concept  of  NASTRAN  Rigid  Formats  Is  described  In  Section  4 of  this  guide.  The  use  of 
checkpoints,  restarts,  and  diagnostics  Is  presented  In  Section  6. 

NASTRAN  documentation  also  contains  other  Information  which  can  be  used  to  effectively 
manage  a structural  analysis  project  with  NASTRAN.  For  example,  Section  14  presents  information 
to  help  the  user  estimate  resource  requirements  (machine  time  and  cgre)  prior  to  beginning 
processing.  These  estimates  can  also  be  used  to  support  cost  p^  jections  for  the  analysis. 
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2.1  INTftOOUaiON 

Documentation  for  NASTRAN  consists  of  five  manuals;  the  User's  Guide,  the  User's  Manual,  the 
Theoretical  Manual,  the  Programmer's  Manual,  and  the  Demonstration  Problem  Manual.  Each  docunent's 
purpose,  content,  and  use  is  described  in  this  section.  Other  sources  of  NASTRAN  information  per- 
taining to  reported  errors  or  corrections,  and  user's  experience,  for  example,  are  described  in 
Section  12. 
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2.2  USER’S  GUIDE  (UG) 

The  User's  Guide  is  designed  to  assist  both  the  current  and  potential  user  of  NASTRAN  to  make 
full,  efficient  application  of  the  program’s  capabilities.  An  Important  function  of  the  Guide  Is 
to  provide  engineering  management  with  an  overview  of  NASTRAN’s  technical  capabilities.  With  this 
concise  overview,  management  may  better  direct  NASTRAN  activities  from  an  informed  position  not 
previously  possible  without  extensive  reading  of  NASTRAN  documentation  or  personal  hands-on 
experience  with  the  program. 

The  first  thirteen  sections  of  the  guide  are  designed  to  provide  the  new  and  occasional  user 
with  an  awareness  of  the  access  to  standard  NASTRAN  analysis  capabilities.  These  sections  provide 
much  of  the  information  required  and  the  reader  will  be  directed  to  the  appropriate  NASTRAN  refer- 
ence manuals  for  technical  details  of  model  building,  selection  of  analysis  to  be  performed,  data 
deck  and  system  control  deck  creation. 

The  remaining  sections  of  the  User’s  Guide  are  designed  to  provide  the  more  sophisticated 
NASTRAN  user  with  information  needed  to  execute  large,  complex,  or  unusual  analyses  of  structures 
and  coupled  structural/non-structural  component  systems.  For  example,  material  presented  in 
"Operating  Principles  of  NASTRAN"  and  a section  on  the  introduction  to  the  matrix  abstraction 
language  (DMAP)  provide  an  understanding  of  program  design  and  guidance  needed  to  exploit  many 
non-standard  NASTRAN  capabilities. 

A significant  portion  of  the  User’s  Guide,  beginning  with  Section  17,  consists  of  independent 
sections  describing  specialized  NASTRAN  capabilities  in  engineering  terms.  These  are  Intended  to 
aid  the  sophisticated  user  with  substructuring  with  modal  synthesis,  aeroelastici ty , heat  transfer 
analyses,  and  other  capabilities  including  acoustic  analysis,  cyclic  symmetry,  hydroelastic 
analysis,  and  fully  stressed  design. 

Examples  are  presented  throughout  the  Guide  which  can  be  carefully  examined  to  help  the  user 
set  up  his  own  problem  for  execution.  Also,  references  are  given  to  locations  in  the  NASTRAN 
manuals  where  additional  or  more  detailed  information  Is  available.  The  contents  of  the  manuals 
provided  with  NASTRAN  are  sumnwrized  below. 
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2.i  USER’S  MANUAL 

The  User's  Manual  presents  the  n^ire  practical  subjects.  In  a reference  nwnual  style  on  how 
to  Input  data  to  NASTRAN  and  on  how  to  control  its  processimi.  This  maoual  begins  with  a general 
discussion  of  structural  modeling  with  a description,  in  physical  terms,  of  each  modeling  tool 
available. 

Many  structural  elements  are  provided  in  NASTRAN.  Each  type  of  element  is  discussed  in 
lenns  of  how  it  can  be  used,  what  input  is  required,  and  what  type  of  output  can  be  obtained 
as  results.  The  i-eader  is  shown  how  to  use  the  constraints  and  partitioning  features  of  NASTRAN. 

Ihe  many  types  of  static  and  dynamic  load  capabilities  are  surrtarited.  Both  the  direct  and  modal 
tormulcU  ions  of  the  ttynamic  eguotions  of  nx)tion  aro  oresonted. 

Iho  spocific  detail  of  fonnat  ond  cord  content  for  Odch  input  dnd  control  option  of  tho 
Lxocutivo  (ontroK  Coso  Control,  and  Bulk  [\\U  Decks  is  presented  separately  in  Sections  i:.;\ 

J.J,  and  2.4,  respectively.  In  each  section,  the  card  mnemonics  are  listed  alphabetically  for 
easy  reference.  Also,  fincc  larqe  problems  nv\y  require  sizable  input  decks,  a description  of 
how  to  use  the  User’s  Master  File  feature  for  storinq  the  data  on  tapes  is  given  in  Section  2.b. 

The  auti^iutod  daf^  qone»\Hino  feature  and  suhstructurinq  with  modal  synthesis  are  pix»sented  in 
Sections  2.6  and  2./,  respt'ct i voly . The  extensive  plotting  capability  and  Its  contt\)l  options 
arc-  discussed  separately  in  Section  4. 

Section  .1  presents  a general  description  on  how  to  use  the  current  Rigid  FonruUs  which  direct 
the  fU>w  of  all  NASTRAN's  standard  analysis.  Mere  is  also  discussed  the  input  data  for  pi'ocessimj. 
how  to  iiso  the  checkpoint/restart  feature,  and  how  to  alter  the  Rigid  Fonnat  for  special  purposes. 

A subsection  is  devoted  for  each  available  Rigid  Format,  Each  section  contains  a detail  doscrip- 
tion  of  the  processing  steps,  a summary  of  the  Case  Control  re^iui rente nts , a list  of  the  output 
ofttions.  and  a list  of  the  special  parameters  provided  for  execution  control  and  special  output 
»eguest  s 

SoLtion  *'  contains  all  tlv  detail  instructions  with  pxam*>les  for  using  the  Direct  Matrix 
Alistrattion  PpHV'an  (DMAP)  Cixirunds.  Those  OMAP  commands  are  used  to  contml  all  of  NASTRAN  piX)- 
cessing.  they  are  used  to  build  and  to  alter  the  standard  Rigid  Formats  or  to  create  entirely  new 
soguenios  for  matrix  prtKrssinq  with  NASTRAI><. 

Section  6 lists  an<l  explains  all  of  the  eri'or  and  diagnostic  messages  issued  by  NASTRAN. 
Sevtion  ; contains  a very  useful  dictionary  of  the  comn«n  tenns  and  mnenwnics  used  throughout 
the  NAsTRAN  doci^mentation, 
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2.4  THEORETICAL  MANUAL 
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PROGRAMMER'S  WNUAL 

2,5  PROGRAMMER'S  MANUAL 

The  Programmer's  Manual  contains  the  detailed  descriptions  of  the  many  modules  and  sub- 
routines of  NASTRAN  and  the  data  blocks  on  which  they  0|)erate.  The  frequent  user  of  NASTRAN 
would  do  well  to  read  the  first  section.  It  contains  information  on  how  NASTRAN  processes  data 
and  how  It  controls  that  processing.  Though  understanding  these  processes  Is  not  required. 

It  will  help  to  visualize  what  happens  during  the  execution  of  an  analysis  and  may  help  the  user 
thereby  to  efficiently  organize  his  processing  requests.  Also,  NASTRAN  offers  such  a plethora 
of  i>pt1ons,  not  all  combinations  of  which  can  be  adequately  described.  Hence,  an  understanding 
of  how  the  program  executes  will  help  the  user  Interpret  the  documentation  as  needed  to  exploit 
the  system. 

Section  2 Is  also  of  value  to  an  experienced  user.  Here  he  will  find  a detailed  description 
of  the  many  data  pools  generated  by  and  maintained  within  NASTRAN.  Occasionally  the  user  will 
encounter  the  need  for  some  of  this  data  to  help  him  locate  an  error  in  his  model.  NASTRAN 
provides  the  facilities  for  retrieving  this  oata  aod  printing  it  out  with  special  OMAP  utilities. 
An  alphabetical  index  of  the  data  block  names  Is  provided  to  help  locate  the  pertinent  data  des- 
criptions. 

The  remaining  sections  are  devoted  to  describing  the  utility  subroutines,  the  functional 
modules,  the  matrix  processing  modules,  the  routines  that  generate  the  element  matrices,  and  the 
Interfaces  of  NASTRAN  with  resident  computer  ope^'atlng  systems.  Also,  Instructions  are  given 
for  adding  new  program  capabilities  and  new  Input  cards  to  NASTRAN.  Finally,  attention  is  given 
to  describing  the  utility  progr*""'  available  to  help  support  and  maintain  NASTRAN. 
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2.6  demonstration  PROBLEM  MANUAL 

The  Dcmonstretlon  Proble*  Menuel  contelns  * discussion  of  tech  of  the  deiM>nstret1on  problems 
supplied  with  the  NASTRAN  program.  The  menuel  Is  subdivided  Into  separate  sections  for  each  of 
the  major  analytic  disciplines  addressed  by  NASTRAN.  Each  section  describes  the  problems  to 
be  solved,  the  models  selected,  the  loads  applied,  and  a discussion  of  the  NASTRAN  results 
with  a comparison  to  the  theoretical  solution,  where  possible.  Each  Rigid  Format  analysis  Is 
demonstrated  at  least  once,  and  practically  all  of  the  NASTRAN  Input  options  are  exemplified. 
Listings  of  the  Executive  Control,  Substructure  Control,  and  Case  Control  decks  for  each  problem 
are  Included.  Additionally,  there  Is  at  least  one  example  of  how  to  use  each  Bulk  Data  card 
type.  The  complete  data  decks  for  all  of  the  demonstration  problems  are  supplied  with  the 
NASTRAN  system  delivery  package  so  that  they  may  be  executed  by  the  user  If  he  so  desires. 

Whenever  a user  contemplates  exercising  a new  capability,  he  1$  encouraged  to  execute  the 
demonstration  problem  exemplifying  that  feature. 


3.  MODELING  WITH  NASTRAN 

3.1  INTRODUCTION 

The  basic  n»ethods  and  options  for  creating  N/^.STRAN  models  are  summarized  in  this  section. 

The  purpose  of  a model  is  to  represent  the  properties  of  an  actual  physical  system  by  a system  of 
matric  equations  which  provide  accurate  approximations  to  the  expected  system  response.  This 
mathematical  model  may  be  used  to  simulate  many  types  of  physical  phenomena  Including  static  and 
dynamic  response,  stability,  and  heat  transfer  in  structures  as  well  as  fluid  dynamics,  aerody- 
namics, and  control  system  Interactions  with  structures. 

The  basis  for  most  NASTRAN  nK)deling  is  the  finite  element.  The  finite  element  method  assumes 
the  physical  system  is  subdivided  qeometrica 1 >y  into  elementary  components.  In  structural  analy- 
sis, these  components  are  represented  by  typical  structural  elements  such  as  beams,  plates,  shear 
panels,  and  solids.  Because  each  element  mathematically  represents  only  a simple  response  pattern, 
those  sections  of  the  physical  system  which  are  expected  to  undergo  complex  response  patterns  must 
be  subdivided  into  many  elements.  When  the  required  number  of  elements  becon^es  large,  user  aids 
such  as  automated  data  generators  (User's  Guide,  Section  9.4;  User's  Manual,  Section  2.6)  are 
helpful  in  preparing  the  NASTRAN  data.  Also,  NASTRAN's  automated  multi-stage  substructuring 
(AMSS)  facilities  (User's  Guide,  Section  20)  help  build  and  analyze  these  large  and  complex  models. 

from  the  data  describing  the  finite  ele<nent  representation  of  the  physical  system,  NASTRAN 
computes  the  finite  eleinent  matrix  coefficients  defining  the  stiffness,  mass,  conduction,  etc., 
propei'ties  of  each  element.  These  finite  element  matrices  are  combined  together  to  fonn  the  over- 
all system  matrices  which  are  used  to  represent  the  behavior  of  the  basic  model.  Special  features 
of  the  physical  system  my  be  defined  and  then  added  to  complete  the  model  using  direct  input 
matrix  terms  and  general  elements.  Further  processing  is  then  undertaken  to  impose  environirrental 
constraints,  loads,  and/or  perform  matrix  transofmra tions  in  preparation  for  the  solution  phase 
(User's  Guide,  Section  4.0). 

Once  the  physical  system  is  defined  by  the  finite  element  model,  NASTRAN  may  be  used  to  pro- 
cess that  data  for  several  different  types  of  analyses.  The  basic  finite  element  mathematical 
'Wiel  used  for  structural  static  analysis  may  also  be  used  as  the  basis  for  all  types  of  dynamic 
analyses,  heat  transfer  analyses,  buckling,  etc.  The  basi"  structural  model  matrices  must  he 
augmented  with  additional  data  appropriate  to  each  specific  type  of  analvsis  to  define  m*iss  in- 
ertias, damping,  radiation  effects,  control  system  input,  and/or  aerodynamic  surface  effects,  etc. 
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in  Section  4. 

Described  below  are  basic  considerations  and  general  options  for  formulating  a mathematical 
model  In  NASTRAN.  The  topics  discussed  start  with  building  the  basic  finite  element  structural 
model  and  how  to  use  substructuring  techniques.  Non-structural  considerations  such  as  for  aero- 
dynamics and  fluid/structure  interaction  are  then  presented  followed  by  available  options  for 
thermal  heat  transfer  analysis.  General  capabilities  of  NASTRAN  for  research  and  development  are 
then  illustrated  in  the  discussions  of  options  for  control  systems  and  direct  matrix  input  for 
special  effects.  The  final  section  lists  a number  of  the  modeling  restrictions  imposed  by  NASTRAN 

The  methods  of  obtaining  solutions  for  models  defined  by  these  data  are  sunmarized  later  in 
Section  4. 
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3.2  STRUCTURES 

In  NASTRAN  structural  analysis,  finite  elements  are  used  to  represent  the  stiffness,  mass, 
and  damping  properties  of  the  physical  system.  Although  the  elements  are  pure  mathematical  enti- 
tles, they  have  been  chosen  to  simulate  frequently-occurring  structural  components  such  as  beams, 
plates,  shear  panels,  solids,  etc.  The  more  complex  structural  components,  themselves,  may  be 
subdivided  Into  sets  of  elementary  finite  elements  to  obtain  sufficient  detail  to  represent  their 
desired  physical  properties  and  anticipated  stress  patterns. 

Table  1 lists  available  NASTRAN  elements,  their  characteristics,  and  their  application.  Some 
groups  of  elements  are  computationally  similar  and  are  listed  together.  For  Instance,  IHEX1  repre- 
sents three  solid  elements,  IHEX1,  IHEX2,  and  IHEX3,  with  different  numbers  of  connected  points. 
Individual  descriptions  of  all  these  elements  are  given  In  the  User's  Manual,  Section  1.3. 

Four  types  of  Input  data  are  used  to  define  the  finite  elements:  grid  points,  connection 

cards,  property  cards,  and  material  data.  The  grid  point  data  card  (GRID)  defines  the  location  of 
the  points  connected  by  the  elements  and  the  orientation  of  the  resulting  displacement  components 
defining  the  translation  and  rotation  of  these  points.  The  connection  data  card  (CBAR,  CQUADl, 
etc.)  also  points  to  data  cards  defining  material  and  properties  of  the  element.  Material  data 
(MATl,  MAT2,  etc.)  are  used  to  define  elastic,  mass,  and  damping  properties.  Physical  data  de- 
fine element  cross-sectional  area  and  other  properties.  Many  elements  may  reference  the  same 
set  of  property  data  and  many  sets  of  property  data  may  reference  the  same  material  data. 
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SUBSTRUCTURES 


3.3  SUBSTRUCTURES 


In  cases  when  finite  eleinent  models  become  too  large  for  efficient  NASTRAN  processing,  sub- 
structuring  may  be  used  as  a method  to  subdivide  the  model  into  more  convenient  and/or  manageable 
components.  Each  component  substructure  itself  may  be  further  subdivided  Into  even  more  basic 
components.  These  basic  components  may  be  modeled  independently  and  combined  directly  with 
other  components  at  the  matrix  data  level  to  build  the  final  desired  model  for  solution  analysis. 
This  procedure  is  also  convenient  for  redesign  and  remodeling  probleins.  Changes  in  one  section 
of  the  structure  would  not  necessarily  require  refornxjlation  of  the  entire  model. 

The  automated  multi-level  substructure  system  (AMSS).  described  in  Section  20,  provides  a 
three-phase  system  for  modeling  with  substructures.  Each  elementary  or  basic  substructure  com- 
ponent model  is  submitted  in  a Phase  1 run.  The  only  restrictions  on  the  model  are  that  boundary 
grid  points  have  compatable  locations  with  adjoining  components.  Grid  point  and  element  identi- 
fication numbers  and  responses  are  unrestricted.  All  required  data  for  the  models  are  automati- 
cally generated  and  permanently  stored  in  files  provided  and  maintained  by  the  user. 

In  the  second  phase  of  substructuring , the  substructures  may  be  combined;  they  may  be  re- 
duced in  matrix  size  using  the  Guyan  reduction  or  modal  synthesis  methods;  and  they  may  be  com- 
bined again  to  form  even  more  complex  models.  At  any  stage  the  user  maintains  direct  control 
over  each  operation  using  simple  linguistic  commands  (C0MBINE,  REDUCE,  S0LVE,  etc.)  A11  data  is 
stored  on  the  user  provided  substructure  operating  file  at  each  stage  providing  each  of  restarting 
and  recovering  from  data  errors.  Any  substructure  may  be  analyzed  using  standard  NASTRAN  Rigid 
Formats  modified  automatically  for  substructuring  to  provide  for  a solution  and  data  recovery. 

For  detail  data  recovery  at  the  level  of  the  original  basic  substructure,  the  Phase  3 execu- 
tion can  be  made  from  a restart  tape  or  from  the  original  model  input  data  itself.  Again,  the 
user-provided  substructure  operating  file  is  accessed  by  NASTRAN  to  automatically  retrieve  the 
required  solution  vectors  needed  for  computing  detail  element  stresses  and  preparing  deformed 
plots,  etc. 
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3.4  AERODYNAMICS 

Aerodynamic  elements  are  strips,  boxes,  or  bodies  which  represent  the  surfaces  for  computa- 
tion of  aerodynamic  interactions  with  the  structure.  These  elements,  like  structural  elements, 
are  defined  by  their  geometry.  Their  motions  are  defined  by  degrees  of  freedom  at  associated 
aerodynamic  grid  points.  Often,  requirements  of  aerodynamic  theory  will  dictate  the  geometry  of 
the  boxes.  For  example,  the  doublet  lattice  theory  requires  trapezoidal  boxes  with  their  parallel 
edges  aligned  to  the  streamlines.  Also,  if  one  box  lies  in  the  wake  of  another,  their  edges  must 
be  on  the  same  two  streamlines.  Aerodynamic  elements  and  grid  points  are  generated  to  reduce  the 

V.# 

labor  for  the  user  and  to  enforce  the  theoretical  restrictions  on  the  geometry. 

Structural  and  aerodynamic  degrees  of  freedom  are  connected  to  the  structure  by  interpolation. 
This  feature  allows  selection  of  grid  points  and  elements  for  structures  and  for  aerodynamics,  each 
to  be  defined  in  a manner  which  is  well  suited  to  the  particular  problem.  The  structural  model 
for  a wing  may  consist  of  a one-,  two-,  or  three-dimensional  array  of  grid  points.  The  aerodyna- 
mic theory  may  utilize  a strip  theory  or  lifting  surface  theory.  For  further  details  on  the 
aeroelastic  theory  and  modeling  procedures,  refer  to  Theoretical  Manual,  Section  17,  to  User's 
Manual,  Section  1.11  and  to  User's  Guide,  Section  21. 
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3.5  FLUIDS 

The  hydroelastic  capability  of  NASTRAN  is  designed  primarily  to  solve  for  small  motion  dynamic 
response  of  models  with  combined  structure  and  fluid  effects.  The  options  include  both  rigid  and 
flexible  container  boundaries,  free  surface  effects  and  compressibility.  The  fluid  is  described 
with  axisyiimietric  finite  elements.  The  structure,  however,  is  described  with  conventional  non- 
ax  isyminetri  c elements  to  form  matching  boundaries  with  the  fluid.  The  analysis  assumes  small 
perturbations  about  static  equilibrium.  Second-order  velocity  terms  are  ignored.  See  Theoreti- 
cal Manual,  Section  16.1;  and  User's  Manual,  Section  1.7,  for  full  explanation. 


A 


ACOUSTIC  CAVITIES 


3.6  ACOUSTIC  CAVITIES 


All  acoustic  cavity  analysis  may  be  perfonned  to  obtain  the  stationary  waves  In  the  steady, 
state  flow  of  a gas  through  an  axlsymnetrlc  chamber  with  radial  slots.  The  width  and  depth  of 
the  slots  and  the  diameter  of  the  center  volume  may  vary  along  the  axis  of  the  chamber.  The 
boundaries  of  the  chamber  are  assumed  to  be  rigid.  A Fourier  series  expansion  Is  used  to  analyze 

each  series  harmonic  as  a separate  NASTRAN  run.  See  Theoretical  Manual.  Section  16.2;  and  User's 
Manual,  Section  1.9  for  details. 


HEAT  TRANSFER 

3.7  HEAT  TRANSFER 

Modeling  procedures  using  finite  elements  for  heat  transfer  analysis  closely  parallel  stan- 
dard structural  uioaellng  methods.  Normal  NASTRAN  rod,  plate,  and  solid  elements  may  be  used  bo 
model  conduction  and  capacitance  for  heat  transfer  analysis  in  structures.  At  each  grid  point, 
temeprature  is  the  generalized  degree  of  freedom  rather  than  displacement.  Heat  input  rates  on 
grid  points,  surfaces,  and  voltmies  are  the  generalized  loads. 

A set  of  specialized  'boundary  elements"  (HBOY)  are  also  provided  for  heat  transfer  modeling. 
These  elements  are  used  to  define  convection  between  structural  surfaces  and  fluids  or  other  struc- 
tural surfaces.  They  are  also  used  in  the  definition  of  radiation  "view  factor"  terms  and  as  rocei 
vers  of  themal  flux  inputs.  Other  non-convective  boundaries  may  be  specified  using  conventional 
constraints  (SPC  or  MFC). 

For  further  details,  refer  to  descriptions  given  in  Section  22  of  the  User's  Guide,  in  Sec- 
tion 8 of  the  Theoretical  Manual,  and  Section  1.8  of  the  User's  Manual. 
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OTHER  MODELING  OPTIONS 

3.8  OTHER  MODELING  OPTIONS 

In  addition  to  the  conventional  finite  elements,  NASTRAN  offers  several  alternative  proce- 
dures for  modeling  special  effects.  Non-elastic  structures  and  mechanisms  may  be  modeled  using 
multipoint  constraint  equations  or  rigid  elements.  Portions  of  structures  may  be  modeled  with 
general  elements  (GENEL)  defined  by  experiment  or  by  analysis  using  other  programs.  Direct 
matrix  Inputs  (DMI,  OMIG)  may  be  used  to  model  specific  phenomena  using  real  or  complex  stiff- 
ness, mass,  or  damping  matrices. 

calar  points,  extra  points,  scalar  elements,  and  transfer  functions  are  available  for 
modeling  non-structural  phenomena  and  defining  non-structural  degrees  of  freedom.  Use  of  scalar 
quantities  in  NASTRAN  is  Illustrated  In  the  NASTRAN  Demonstration  Problem  Manual  and  in  the  User’s 
Guide,  Sections  18  and  19.  Used  In  conjunction  with  solution  techniques  described  in  Section  4, 
a wide  variety  of  advanced  problems  may  be  analyzed. 
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3.9  MODELING  RESTRICTIONS 

Aside  from  theoretical  restrictions  due  to  finite  element  formulation,  very  few  general  model- 
ing restrictions  are  imposed  by  NASTRAN.  The  most  frequently  encountered  restrictions  are  limits 
on  the  model  size  which  occur  due  to  cost  and  computer  resource  restrictions.  These  factors  are 
discussed  in  Section  14.  Some  of  the  more  general  modeling  restrictions: 

a.  Element  Connection  Order 

Most  element  geometries  require  that  the  connected  grid  points  be  defined  in  a specific 
order.  This  order  is  used  to  define  the  element  coordinate  system  which,  in  turn,  Is 
used  to  define  the  orientation  for  the  input  of  loads  and  for  the  output  of  stresses. 

b.  Element  Geometry 

The  accuracy  of  some  elefiients  sucfi  as  membranes  and  plates  may  bo  seriously  effected  by 
their  geometry.  Large  aspect  ratios  ari»t  sevci'eiy  war'ped  surfaces  should  be  avoided. 

See  Theoretical  Manual,  Section  15,2. 

c.  Engineering  Units 

No  unit  conversions  are  built  into  NASTRAN.  All  models  must  be  specified  using  a con- 
sistent set  of  units  for  force,  mass,  displaceinent,  and  time.  A connion  user  error  is 
the  use  of  force  units  (pounds)  for  oofining  mass.  In  the  metric  system  a conirTK>n  nris* 
take  .s  the  use  of  mass  units  (kilogran;s)  for  the  definition  of  forces  or  elastic 
constraints. 

d.  Numerical  Roundoff 

The  potential  errors  caused  by  numorical  roundoff  require  some  modeling  considerations. 
For  instance,  elements  having  stiffress  terms  many  orders  of  magnitude  larger  than  those 
for  adjacent  elements  may  cause  nunuricil  problems.  The  use  of  rigid  elements  or  multi- 
point constrains  in  these  cases  is  roceminended.  See  Theoretical  Manual,  Sectn*n  15.1. 

e . Uniqueness  of  Element 0 ' s 

Element  identification  numbers  must  bo  unique  within  each  type.  Although  different 
element  types  may  use  the  sane  idontif ications,  it  is  recommended  that  all  elenents 
use  unique  IDs  for  the  purpose  of  spocifyirn  loads  and  selecting  output  print  and 
plot  sets. 
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M0DCLIN6  WITH  NASTRAN 

f . Ax1>yfflm«tr1c  Problems 

Axlsynmetrlc  formulations  use  Forler  series  expansions  (C0NEAX,  TRAPAX,  TRIAAX  elements) 
are  thus  limited  In  their  scope.  Because  of  this  they  are  Incompatable  with  many  of  the 
general  three-dimensional  capabilities  of  other  NASTRAN  elements.  See  User's  Manual, 
Section  1.3  for  details. 
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4.1  INTROOUCTION 

The  NASTRAN  system  provides  cepebllitles  briefly  described  here  for  many  types  of  engineering 
analyses  which  can  be  performed  with  a particular  finite  element  model.  NASTRAN  ptrfdrms 
these  analyses  using  the  Direct  Matrix  Abstraction  Program  (DMAP)  that  Is  an  Integral  part 
of  the  system  to  define  and  control  the  required  sequence  of  matrix  generation » assambly,  and 
processing  operations. 

The  NASTRAN  user  may  write  his  own  solution  sequence  using  DMAP,  or  as  1$  most  often  the 
case,  he  may  use  one  or  more  of  the  twenty  DMAP  sequences  which  are  stored  In  NASTRAN.  The 
standard  DMAP  solution  sequences  are  called  Rigid  Formats.  They  relieve  the  user  of  having  to 
know  details  and/or  how  to  control  each  step  of  an  analysis.  Execution  of  a structural  problem 
may  proceed  to  final  solution  all  In  one  run  or,  at  the  option  of  the  user,  the  DMAP  saquence 
may  be  terminated  at  any  desired  Intermediate  point.  Restart  capabilities  are  provided  for- 
both  scheduled  and  unscheduled  Interruptions  In  processing. 

DMAP  Instructions  nay  also  be  used  to  modify  the  existing  Rigid  Formats  In  order  to  change 
the  processing  sequence,  to  obtain  printouts  of  selected  data  blocks,  to  provide  for  additional 
Input  which  was  generated  by  other  programs,  to  output  results  to  be  used  as  Input  to  other 
programs,  and  to  construct  entirely  Independent  sequences  or  DMAP  Instructions  to  solve  nearly 
any  problem  that  can  be  formatted  In  matrix  notation. 

The  different  engineering  analysis  approaches  available  with  NASTRAN  RigK  Formats  are 
described  here.  Also  Included  are  relationships  between  different  structural  and  non-structural 
modeling  options  and  Rigid  Format  applications. 

Listings  of  each  Rigid  Format  are  presented  In  Section  3 of  the  User's  Manual  with 
descriptions  and  equations  for  all  the  key  steps.  The  rules  and  formats  for  using  DMAP  state- 
ments are  presented  In  Section  15  of  the  Guide  and  Section  5 of  the  User's  Manual. 

Rigid  Formats  are  Identified  with  an  Integer  number,  I.e.,  1,  2,  etc.,  and  an  analysis 
approach.  There  are  three  approaches:  displacement  (APProach  DISP),  heat  transfer  (APProach 
HEAT),  and  aerodynamic  (APProach  AERR).  The  user  selects  the  Rigid  Format  and  approach  by 
using  coewiands  In  the  NASTRAN  Executive  Control  Deck  described  In  Section  G.  v. . 
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LINEAR  STATIC  ANALYSIS  (RIGID  FORMATS  1,  2,  and  14,  APR  OISP) 

4.2  LINEAR  STATIC  ANALYSIS  (RIGID  FORMATS  1,  2,  and  14,  APP  DISP) 

The  Linear  Static  Analyses  provided  by  Rigid  Fromats  1 , 2 and  14  use  most  of  the  features 
available  for  nxjdel  definition  in  NASTRAN.  These  include  specification  of  special  coordinate 
systems',  grid  point  locations,  element  connectivities,  material  properties,  constraints,  and 
temperature  distributions  as  well  as  direct  grid  point  force  and  element  loadings.  The  results 
available  for  output  consist  of  weight  and  balance  information,  displacements,  element  forces 
and  stresses,  grid  point  loadings,  and  support  reactions.  The  user  may  also  request  plots 
of  the  undeformed  as  well  as  the  deformed  structural  model. 

Rigid  Format  2,  which  provides  all  the  features  of  Rigid  Format  1,  also  treats  structural 
models  which  are  not  fully  constrained.  It  computes  the  inertia  effects  of  unconstrained  rigid 
body  accelerations.  These  effects  are  added  to  the  user-specified  loadings;  the  rigid  body 
motions  are  constrained;  and  then  the  normal  static  analysis  is  performed. 

Rigid  Format  14  is  a special  case  of  Rigid  Format  1 and  provides  for  efficient  modeling  and 
analysis  of  structures  exhibiting  cyclic  symmetry.  Many  structures,  including  pressure  vessels, 
rotating  machines  and  antennae  for  space  communications,  are  made  up  of  virtually  identical 
segments  that  are  symmetrically  arranged  with  respect  to  a centroidal  axis.  There  are  two 
types  of  cyclic  symmetry;  simple  rotational  symmetry,  in  which  the  segments  do  not  have  planes 
of  reflective  symmetry  and  the  boundaries  between  segments  may  be  general  doubly-curved  surfaces; 
and  dihedral  symmetry,  in  which  each  segment  has  a plane  of  reflective  synmetry  and  the  boundaries 
between  segments  are  planar.  The  use  of  cyclic  symmetry  allows  the  user  to  model  only  one  of 
the  identical  substructures.  There  will  also  be  a large  saving  of  computer  time  for  most 
problems. 

Procedures  for  using  the  static  analysis  Rigid  Formats  are  outlined  in  Section  18.  The 
procedure  for  using  cyclic  symmetry  in  NASTRAN  is  described  in  detail  in  Section  23  of  the  Guide. 
The  theoretical  treatment  for  cyclic  symmetry  is  given  in  Section  4.5  of  the  Theoretical  Manual. 
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NONLINEAR  STATIC  ANALYSIS  AND  BUCKLING  (RIGID  FORMATS  4,  5 and  6,  APR  DISP) 


4.3  NONLINEAR  STATIC  ANALYSIS  AND  BUCKLING  (RIGID  FORMATS  4,  5 AND  6.  APP  DISP) 


NASTRAN  provides  for  two  types  of  static  nonlinearities,  differential  stiffness  and  material 
Dlasticlty.  The  differential  stiffness  effects  treated  by  Rigid  Formats  4 and  5 provide  the  user 
with  a second  order  approximation  to  the  nonlinear  effects  of  large  deflections.  The  differential 
stiffness  matrix  is  computed  as  a correction  to  the  original  stiffness  matrix  from  the  work  done 
by  each  element  in  response  to  a user-specified  preload.  Rigid  Format  4 adjusts  the  differential 
stiffness  matrix  as  a load  correction  in  accordance  with  user  specified  convergence  criteria.  In 
Rigid  Format  4,  the  applied  loads  are  not  linearly  related  to  the  internal  loads.  In  Rigid  Format 
5,  the  applied  loads  are  assumed  to  move  with  their  points  of  application  and  they  remain  fixed  in 
magnitude  and  direction. 

Rigid  Format  5 adds  the  differential  stiffness  matrix  to  the  original  stiffness  matrix,  and 
solves  an  eigenvalue  problem  to  obtain  the  critical  load  factor  that  would  produce  buckling. 

This  critical  load  factor,  or  the  eigenvalue,  multiplied  into  the  preload  vector  gives  the  criti- 
cal loading  at  which  the  struccure  would  go  unstable.  The  eigenvector  obtained  is  the  mode  shape 
in  which  the  structure  would  buckle. 

Rigid  Format  6,  on  the  other  hand,  is  used  for  problems  Involving  non-linear  materials. 

That  is,  the  material  properties  are  assumed  to  be  stress  dependent.  The  loading  is  applied 
in  piecewise  linear  increments.  After  each  increment,  a new  stiffness  matrix  is  generated 
based  on  the  current  state  of  stress  in  each  element.  This  new  matrix  is  used  to  solve  for 
a corresponding  increment  of  displacement  and  stress.  These  increments  are  accumulated  to 
produce  the  final  nonlinear  results.  Since  each  Increment  in  load  requires  a new  solution, 
the  user  is  faced  with  the  compromise  between  accuracy,  which  requires  small  increments,  and 
efficiency,  which  suggests  using  the  largest  possible  .ncrements.  All  static  load  options 
are  allowed  except  for  those  due  to  temperature  and  enforced  element  displacements. 

Section  18  of  the  Guide  includes  descriptive  detail  on  how  to  use  each  of  these  three 
Rigid  Formats.  The  theoretical  treatments  for  material  non-linearities  and  differential 
stiffness  can  be  found  in  the  Theoretical  Manual,  Sections  3.8  and  7.0,  respectively. 
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4.4  NORMAL  MODES  ANALYSIS  (RIGID  FORMATS  3,  13.  and  15.  APP  DISP) 

Rigid  Formats  3,  13,  and  15  provide  for  a normal  mode  analysis  of  undamped  systems  with 
sytnnetric  matrices.  Rigid  Format  3 is  for  use  with  elastic,  linear  structural  models.  Rigid 
Format  13  allows  the  use  of  differential  stiffness  effects.  The  applied  loads  are  assumed  to 
move  with  their  points  of  application  and  they  remain  fixed  in  magnitude  and  direction.  Rigid 
Format  13  adds  the  differential  stiffness  matrix  to  the  original  stiffness  matrix  in  proportion 
to  a user-specified  increment  for  the  deflections  due  to  the  preload  plus  incremental  load  which 
is  the  total  load  applied  to  the  model.  Rigid  Format  15  computes  normal  modes  for  models  utilizing 
cyclic  symmetry.  Additionally,  normal  modes  calculations  are  included  in  the  Rigid  Formats  for 
Complex  Eigenvalue  Transient  Response  and  Modal  Flutter  analyses  summarized  in  the  next  Section. 

Rigid  Formats  3,  13,  and  15  generate  both  mass  and  stiffness  matrices  and  offer  a choice 
of  methods  for  eigenvalue  extraction.  If  only  a limited  number  of  mode  shapes  are  required 
within  a user  specified  range  of  frequencies,  then  the  PEER,  Inverse  Power  or  Determinant  method 
would  be  the  appropriate  choices.  The  Givens  method  of  tridiagonal ization  is  available  and  is 
recommended  if  all  or  a large  proportion  of  the  natural  frequencies  and  mode  shapes  are  desired. 

A Guyan  reduction,  which  is  available  in  all  Rigid  Formats  for  eliminating  specified  degrees  of 
freedom,  is  recommended  for  reducing  the  size  of  the  matrices  to  be  used  by  the  Givens  method. 
(Massless  degrees  of  freedom  must  be  eliminated  for  this  method.) 


The  available  output  of  results  includes  the  eigenvalues  and  natural  frequencies,  mode 
shape  deflections,  modal  forces  and  stresses  for  selected  elements,  modal  reaction  forces, 
modal  mass,  and  plots  of  the  structural  model  for  each  mode  shape. 

The  detailed  theoretical  basis  for  these  calculations  is  presented  in  the  Theoretical  Manual, 
Section  10,  Section  19  of  the  Guide  describes  how  to  apply  these  three  normal  modes  analysis 
Rigid  Formats. 
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4.5  COMPLEX  EIGENVALUE  ANALYSIS  (RIGID  FORMATS  7 AND  10.  APP  DISP) 

Rigid  Formats  7 and  10  offer  the  user  a capability  to  compute  complex  eigenvalues  and 
vectors  of  non«conservative  systems.  These  Rigid  Formats  provide  for  an  analysis  of  systems 
which  include  user- specified  input  of  real  or  complex  mass,  damping  and  stiffness  matrices* 
or  matrix  transfer  function  equations.  The  assembled  matrices  may  be  real  or  complex,  sym- 
metric or  nonsymmetric,  singular  or  nonsingular. 

The  two  formulations  provided  are  the  direct  formulation  of  Rigid  Format  7 and  the  modal 
formulation  of  Rigid  Format  10.  The  direct  formulation  provides  for  the  most  general  descrip- 
tion of  a mode!  which  also  includes  program  generated  viscous  and  structural  damping.  The 
unknowns  are  the  degrees  of  freedom  related  to  grid  points,  scalar  points,  and  any  special 
extra. points  which  may  be  used  to  specify  non«structural  quantities  as  are  encountered  in 
control  system,  aerodynamic,  or  hydrodynamic  modeling. 

The  modal  approach,  in  contrast,  employs  the  free  vibration  modes  of  the  undamped  model 
as  independent  degrees  of  freedom  to  be  assembled  with  the  user-specified  direct  input  matrices 
and  extra  point  control  parameters.  Proportional  viscous  damping  on  the  modal  coordinates  is 
included. 

The  selection  of  approach  would  depend  on  the  particular  problem  to  be  solved  and  the 
number  of  roots  to  be  extracted.  The  direct  approach  offers  the  greatest  flexibility  if  only 
a few  roots  are  desired.  If  many  roots  are  to  be  extracted,  the  modal  approach  may  be  more 
economical.  A summary  of  features  comparing  direct  versus  modal  approaches  for  the  dynamics 
Rigid  Formats  is  presented  in  Table  1 to  help  the  user  select  the  Rigid  Format  best  suited  to 
his  needs. 

The  available  output  Includes  frequencies  and  mode  shape  displacements,  element  forces 
and  stresses,  and  support  reactions.  These  may  be  printeo  in  either  S0RT1  or  S0RT2  in  either 
real/imaginary  or  magnitude/phase  angle  format.  S0RT1  prints  all  the  requested  output  for 
each  frequency.  S0RT2  prints  each  component  of  output  for  all  frequencies.  The  theoretical 
basis  for  these  Rigid  Formats  is  presented  in  the  Theoretical  Manual,  Section  10,  and  their  ] 

use  is  presented  in  Section  19  of  the  Guide. 
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4.6  DYNAMIC  RESPONSE  ANALYSIS  (RIGID  FORMATS  8,  9,  11  and  12,  APP  OISP) 

The  NASTRAN  dynamic  analysis  Rigid  Formats  provide  a maxlmun  amount  of  flexibility  and 
capability.  Rigid  Formats  8 and  11  offer  Frequency  and  Random  Response  capability  and  Rigid 
Formats  9 and  12  offer  Transient  Analysis  capability.  Rigid  Formats  8 and  9 use  a direct 
approach;  the  other  two  use  a modal  approach.  Table  1 summarizes  the  various  options  avail- 
able to  help  the  user  select  the  Rigid  Format  best  suited  to  his  particular  problem. 

These  capabilities  can  be  used  to  solve  problems  with  thousands  of  degrees  of  freedom 
with  many  time  steps,  or  many  frequencies  and  mode  shapes.  Provision  has  been  made  to  allow 
many  types  of  special  modeling  techniques.  Care  should  be  taken,  however,  to  avoid  the  dynamic 
analysis  of  models  that  may  be  unnecessarily  large  because  of  the  lengthy  (and  expensive) 
computing  times  required  for  solution.  Every  effort  should  be  made  to  reduce  the  size  of  the 
problem  either  by  careful  design  of  the  original  model  or  by  using  the  Guyan  method  to  reduce 
the  total  degrees  of  freedom.  The  user  should  pay  special  attention  to  the  selection  of  the 
nx)st  economical  metho(d  for  solving  his  particular  problem. 

The  modal  approach  for  dynamic  analyses  differs  from  the  direct  approach  In  that  It  uses 
the  undamped  mode  shapes  as  Independent  degrees  of  freedom  replacing  the  original  model.  In 
either  approach,  special  extra  points  may  be  added  for  special  modeling  purposes.  The  Input 
loads  for  the  modal  approach  are  transformed  to  the  modal  coordinates,  and  the  resulting  modal 
displacements  are  transformed  back  to  the  physical  displacements  for  output  purposes. 

The  choice  of  direct  or  modal  approach  Is  dependent  on  the  specific  problem.  T.he  direct 
approach  solves  a more  general  problem  and  does  not  require  the  extra  steps  of  extracting  tne 
normal  modes  and  of  performing  the  transformations  to  form  modal  coordinates.  For  transient 
analysis,  however.  If  many  time  steps  are  required,  the  direct  formulation  may  be  Inefficient 
compared  with  the  modal  approach. 

Also  available  with  the  modal  approach  (Rigid  Formats  11  and  12)  is  a mode  acceleration 
method  of  improving  the  solution  accuracy.  This  procedure  replaces  the  unconstrained  rigid 
body  accelerations  with  equivalent  inertial  and  damping  forces.  The  augmented  loading  is 
then  solved  statically  to  obtain  improved  element  forces  and  stresses.  The  user  is  cautioned, 
however,  that  this  method  is  costly  and  should  be  used  selectively. 
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ENGINEERING  ANALYSES  WITH  NASTRAN 

The  Frequency  and  Random  Response  analysis  of  Rigid  Formats  8 and  11  can  be  used  to 
analyze  the  steady  state  response  of  systems  due  to  sinusoidally  varying  loads  at  specified 
frequencies.  The  model  may  include  direct  input  matrices  and  transfer  functions.  The  assembled 
matrices  may  be  non-symmetric,  real  or  complex,  and  singular  or  nonsingular.  Loads  must  be 
input  on  specific  degrees  of  freedom  and  may  have  phase  angles,  time  lags,  and  frequency 
dependent  magnitudes.  The  output  may  be  sorted  by  frequency  (S0RT1)  or  by  component  for  all 
frequencies  (S^RT2)  and  printed  in  either  a real/imaginary  or  a magnitude/phase  angle  format. 
Curve  plotting  of  these  results  is  also  available  for  each  output  component  or  a function  of 
frequency. 

The  Random  Response  analysis  is  treated  as  a data  reduction  procedure  that  is  applied  to 
the  results  of  a Frequency  Response  analysis.  The  user  inputs  a power  spectral  density  function, 
which  is  assumed  to  be  stationary  with  respect  to  time,  and  the  program  computes  the  power  spec- 
tral  density,  mean  deviation  and  autocorrelation  function  for  the  response  of  the  selected 
output  components.  The  output  from  the  Random  Analysis  must  be  selected  one  component  at  a 
time,  not  via  the  Case  Control  options,  but  via  the  control  cards  of  the  X-Y  plot  package. 

The  random  output  will  be  real  numbers  automatically  printed  and  may  be  plotted  versus  vrequency 
if  so  requested. 

The  Transient  Analyses  (Rigid  Formats  9 and  12)  perform  a step-by-step  integration  of  the 
structural  response  in  a time  domain.  The  user  provides  the  initial  conditions,  time  step 
requirements,  and  a time  varying  load.  The  available  output  for  specified  integration  time 
intervals  Includes  displacements,  velocities,  accelerations,  forces,  and  stresses  for  selected 
elements  and  support  reactions. 

Some  special  features  available  to  Transient  Analysis  include  the  capacity  to  incorporate 
user-specified  direct  input  matrices,  nonsymmetric  control  function  equations,  and  a limited 
nonlinear  analysis  capability.  The  nonlinear  capability  is  available  through  displacement 
and  velocity  dependent  load  components  applied  to  specific  degrees  of  freedom.  For  purposes 
of  economy,  the  user  may  change  the  Integration  time  step.  However,  for  each  time  step  change, 
the  coefficient  matrices  must  be  reassembled. 

The  theoretical  basis  for  these  analyses  is  presented  in  the  Theoretical  Manual,  Section 
9 through  12  and  their  use  is  described  in  Section  19  of  the  Guide. 
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4.7  LINEAR  STATIC  HEAT  TRANSFER  ANALYSIS  (RIGID  FORMAT  1,  APP  HEAT) 

The  linear  heat  transfer  formulation  is  analogous  to  the  structural  formulation  with  tempera- 
tures replacing  deflections  as  the  unknowns.  Rigid  Format  1 is  available  for  determining  steady- 
state  temperatures  with  no  radiation  effects.  The  same  modeling  features  for  specifying  grid 
point  geometry,  element  connectivity  and  material  properties  are  provided.  In  addition,  special 
features  are  available  for  the  specification  of  fixed  temperature,  convection,  and  heat  flux 
boundary  conditions.  The  available  output  consists  of  resultant  grid  point  temperatures  throughout 
the  model.  This  capability  is  described  in  detail  in  Section  22. 
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NONLINEAR  STATIC  HEAT  TRANSFER  ANALYSIS  (RIGID  FORMAT  3,  AFP  HEAT) 

4.8  NONLINEAR  STATIC  HEAT  TRAF’SFER  ANALYSIS  (RIGID  FORMAT  3,  APP  HEAT) 

Rigid  Format  3,  APProach  HEAT,  which  provides  all  the  features  of  Rigid  Format  1,  also 
treats  heat  transfer  analyses  with' temperature  dependent  conductivities  of  the  elements  and 
nonlinear  radiation  exchange.  The  solution  of  thermal  equilibrium  is  obtained  using  an  iterative 
technique  that  is  user  controlled.  Section  22  describes  in  detail  how  to  apply  this  capability. 
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TRANSIENT  HEAT  TRANSFER  ANALYSIS  (RIGID  FORMAT  9,  APP  HEAT) 

4.3  TRANSIENT  HEAT  TRANSFER  ANALYSIS  (RIGID  FORMAT  9^  APP  HEAT) 

Rigid  Format  9,  APProach  HEAT,  provides  the  capability  of  time  domain  analysis  for  models 
that  Include  linear  conduction,  film  heat  transfer,  nonlinear  radiation,  and  any  special  effects 
modeled  with  NASTRAN  nonlinear  elements.  User  controls  for  Integration  procedures  and  options 
for  linearizing  radiation  effects  are  provided.  More  detail  on  how  to  apply  this  capability 
is  presented  in  Section  22. 
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AERODYNAMIC  FLUTTER  ANALYSIS  (RIGID  FORMAT  10,  APR  AER(J) 

4.10  AERODYNAMIC  FLUTTER  ANALYSIS  (RIGID  FORMAT  10.  APR  AER0) 

Rigid  Form,  10.  APProoch  AER».  pro„d,,  tho  capoOilUy  for  mdal  flottar  aoalwls  for  0,01,11- 
1,y  S,od1eo  Of  aeroelao,1c  oyo«m  .1U,  a „1„,.„  „ oogroao  of  fraodon.  Tola  Rigid  Form, 

Includeo  s,ruc,urai  »da  calculations,  aerodynamic  matrix  calculations,  and  transformation  of  the 
aerodynamic  matrix  to  modal  coordinates.  The  flutter  stability  analysis  is  performed  using  one 
of  three  available  user  selected  methods:  the  K-method.  the  KE-method.  and  the  PK-method.  Solutions 

may  be  obtained  for  subsonic  and  supersonic  flow  conditions.  Ho»  to  access  ttls  capability  Is  des- 
cribed  in  Section  21. 
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4.11  AERODYNAMIC  RESPONSE  ANALYSIS  (RIGID  FORMAT  11,  APP  AERJI) 

Rigid  Format  11,  APProach  AER0,  provides  the  capability  to  compute  responses  of  an  aeroerastic 
system  due  to  applied  loads  and  gusts.  This  Rigid  Format  may  be  used  to  solve  frequency  response, 
random  response,  and  transient  response  problems.  Transient  analyses  are  performed  using  a Fourier 
transfonn  method.  The  structural  model  Is  reduced  to  normal  mode  format  prior  to  coupling  with  the 
aerodynamic  matrix.  This  Rigid  Format  may  be  used  for  both  subsonic  and  supersonic  flow  conditions. 
Details  are  presented  to  access  this  Rigid  Format  in  Section  21. 
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4.12  CORRELATION  OF  ANALYSIS  VERSUS  MODEL  CAPABILITIES 


A sunmary  of  NASTRAN  modeling  options  versus  Rigid  Format  application  is  presented  in 
Table  2.  Modeling  options  available  in  NASTRAN  were  introduced  earlier  in  Section  3;  the  Rigid 
Formats  are  introduced  here  in  Sect  on  4,  and  the  relationships  between  the  two  are  summarized 
t in  the  table. 
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CORRELATION  OF  ANALYSIS  VERSUS  MODEL  CAPABILITIES 
Table  2.  Summary  of  Modeling  Options  Versus  Rigid  Format 


MODELING 

OPTIONS 

STRUCTURES/NONSTRUCTURES 
1»2«3D  Structures 
Substructures 
Cyclic  Structures 
Axl symmetric  Structures 
Aerodynamic  Modeling 
Acoustic  Modeling 
Hydroelastic  Modeling 
NON-LINEARITIES 
Large  Deflection  Modeling 
Non-linear  Materials 
HEAT  TRANSFER 
Conduction  & Convection 
Radiation 
LOADS 

Static  Loads 

Frequency  Dependent  Loads 
Time  Dependent  Loads 
Non-Linear  Loads 
CONSTRAINTS 
Guyan  Reduction 
Multi-Point  Constraints 
Single  Point  Constraints 
Element  Deformation 
Rigid  Elements 
Free  Body  Supports 


, , , OISP  heat  aero 

1 2 3 4 5 6 7 8 9 10  11  12  13  14  15  1 3 9 10  11 
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5.1  PROGRAM  DESIGN  CRITERIA 

The  NASTRAN  program  has  been  designed  according  to  two  classes  of  criteria.  The  first  class 
related  to  functional  requirements  for  the  solution  of  an  extremely  wide  range  of  large  and  com- 
plex problems  In  structural  analysis  with  high  accuracy  and  computational  efficiency.  These  cri- 
teria are  achieved  by  developing  and  incorporating  the  most  advanced  mathematical  models  and 
computational  algorithms  that  have  been  proven  in  practice.  In  particular,  they  are  achieved  by 
providing  such  features  as  the  bandwidth-with-active-column  technique  in  matrix  decomposition; 
packing  routines  to  take  maximum  advantage  of  matrix  aparsity  so  as  to  conserve  Input/output  time; 
highly  stable  and  efficient  algorithms  for  the  solution  of  problems  In  eigenvalue  analysis  and 
transient  response;  and  an  elegant  approach  to  modeling  the  effects  of  control  systems  and  other 
nonstructural  components. 

The  second  class  of  criteria  relates  to  the  operational  and  organizational  aspects  of  the 
program.  These  aspects  are  somewhat  divorced  from  structural  analysis  itselt;  yet  they  are  of 
equal  importance  in  determining  the  usefulness  and  quality  of  the  program.  Chief  among  these 
criteria  are; 

1.  Simplicity  of  program  Input  deck  preparation. 

2.  Minimization  of  chances  for  human  error  in  problem  preparation. 

3.  Minimization  of  need  for  manual  intervention  during  program  execution. 

4.  Ease  of  program  modification  and  extension  to  new  functional  capability. 

5.  Ease  of  program  extension  to  new  computer  configurations  and  operation  system,  and 
generality  in  ability  to  operate  efficiently  under  a wide  set  of  configuration  capabilities. 

6.  Capability  for  step-by-step  problem  solution,  without  penalty  of  repeated  problem  set  up. 

7.  Capability  for  problem  restart  following  unplanned  Interruptions  or  problem  preparation 
error. 

8.  Minimization  of  system  overhead.  In  the  three  vital  areas: 

a.  Diversion  of  core  storage  from  functional  use  in  problem  solution, 

b.  Diversion  of  auxiliary  storage  units  from  functional  to  system  usage. 

c.  System  housekeeping  time  for  performing  executive  functions  that  do  not  directly 
further  problem  solution. 
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To  achieve  a program  design  to  meet  these  criteria,  NASTRAN  was  developed  as  a modular  system 
with  Its  own  executive  control  capability.  Specific  attention  was  given  to  opening  the  program  to 
offer  maximum  user  control  over  its  operations.  These  design  objectives  are  described  next, 
followed  by  an  overview  of  the  computer  system  requirements  Imposed  by  the  program  and  a preview  | 

of  how  the  NASTRAN  data  deck  Is  organized.  I 1 

5.1.1  Modular  Design  and  Executive  Control 

The  criteria  stated  above  have  been  achieved  in  NASTRAN  by  using  modular  separation  of  func- 
tional capabilities  in  designing  the  software  system.  Each  module  Is  Independent  of  all  other 
modules  In  the  sense  that  modification  of  a module  or  addition  of  a new  module  will  not  In 

i 

general  require  modification  of  other  modules. 

Furthermore,  control  of  module  executions  is  performed  by  an  efficient,  problem- Independent 
Executive  System.  The  concepts  of  functional  modules  and  an  Executive  System  providing  control 
are  Illustrated  by  the  software  constraints  specified  for  module  development  and  operation. 

The  restrictions  on  modules  are  as  follows: 

1.  Modules  may  interface  with  other  modules  only  through  auxiliary  storage  files  that  con- 
tain  data  blocks. 

2.  Since  the  availability  of  the  auxiliary  files  required  for  the  execution  of  a module 
depends  on  the  execution  of  other  modules,  no  module  can  specify  or  allocate  files  for 
its  input  or  output  data.  All  auxiliary  sto.age  allocation  Is  reserved  as  an  executive 
function. 

3.  Modules  operate  as  Independent  subprograms  and  may  not  call  or  be  called  by  other 
modules.  They  may  be  entered  only  from  the  executive  routine. 

4.  Nodules  may  Interface  with  the  executive  routine  through  a parameter  table  that  Is  main- 
tained by  the  executive  routine.  User-specified  options  and  parameters  are  coamunicated 
to  modules  in  this  way.  The  major  line  of  communication  Is  one-way,  from  user  to  execu- 
tive routine  to  module.  However,  In  addition,  an  appreciable  two-way  communication  from 

module  back  to  executive  routine  (and,  therefore,  to  other  modules)  Is  permitted  via  the  , 

parameter  table.  . 
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No  Other  constraints,  except  those  imposed  by  the  resident  compilers  and  operating  systems, 
are  required  for  functional  modules. 

The  essential  functions  of  the  executive  system  are: 

1.  To  establish  and  control-the  sequence  of  module  executions  according  to  options  specified 
by  the  user. 

2.  To  establish  and  communicate  values  of  parameters  for  each  module. 

3.  To  allocate  files  for  all  data  blocks  generated  during  program  execution  and  perform 
input/output  to  auxiliary  files  for  each  module. 

4.  To  maintain  a full  restart  capability  for  restoring  a program  execution  after  either  a 
scheduled  or  unscheduled  interruption. 

Each  of  these  functions  is  essentially  independent  of  any  particular  feature  of  structural 
analysis  and  applies  to  the  operational  control  of  any  complex  multimodule,  multifile  application 
program.  The  Executive  System  is  open-ended  in  the  sense  that  it  can  accommodate  an  essenti  ally 
unlimited  number  of  functional  modules,  files,  and  parameters.  Modification  of  the  executive 
system  necessary  for  modification  or  extension  of  functional  modules  is  restricted  to  changes  in 
entries  in  control  tables  stored  within  the  executive  routine. 

5.1.2  Design  for  User  Control 

The  needs  of  the  structural  analyst  have  also  been  considered  in  all  aspects  of  the  design  of 
the  program.  The  first  thing  to  be  remembered  is  that,  in  view  of  the  wide  range  of  possible  appli- 
cations of  the  program,  it  is  not  known  exactly  what  these  needs  may  be.  For  this  reason  a high 
degree  of  flexibility  and  generality  has  been  incorporated  into  certain  areas  of  the  program. 

For  example,  in  addition  to  the  usual  list  of  structural  elements  that  refer  to  specific  types  of 
construction,  the  user  is  provided  with  more  general  elements  that  may  be  used  to  construct  any 
type  of  special  element,  to  represent  part  of  a structure  by  deflection  influence  coefficients , 
or  to  represent  part  of  a structure  by  its  vibration  modes.  For  the  more  conventional  types  o^ 
structural  analysis,  the  user  is  presented  with  a large  number  of  convenience  features,  including 
plotting  routines,  which  are  definite  nece^^^si t ies  for  analyzing  large  problems. 

A major  difficulty  that  a user  faces  in  the  solution  of  large  problems  is  tne  avoidance  of 
errors  in  the  preparation  of  input  data.  Card  formats  and  card  orderina  are  made  as  simple  and 
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flexible  as  possible  in  NASTRAN  in  order  to  avoid  errors  caused  by  trivial  violations  of  format 
rules.  A number  of  aids  for  the  detection  of  legal  but  incorrect  data  are  also  provided. 

The  problems  that  can  be  solved  by  NASTRAN  Include  the  following  general  classes: 

1.  Static  Structural  Problems 

2.  Elastic  Stability  Problems 

3.  Dynamic  Structural  Problems 

4.  General  Matrix  Problems 

5.  Heat  Transfer  Problems 

6.  Aeroelasticity  Problems 

Each  general  problem  class  is  further  subdivided  into  case  types  which  differ  with  regard  to 
the  type  of  information  desired,  the  environmental  factors  considered,  or  the  method  of  analysis. 
The  mathematical  computations  required  to  solve  problems  are  performed  by  the  subprogram  units 
called  functional  modules.  Each  case  type  requires  a distinct  sequence  of  functional  module  calls 
that  are  scheduled  by  the  Executive  System. 


General  methods  of  problem  solution  for  all  classes  listed  above  except  general  matrix 
problems  are  established  internally  to  NASTRAN.  This  is  accomplished  with  coded  sequences  of 
macro  instructions,  called  DMAP  (for  Direct  Matrix  Abstraction  Program)  commands,  which  are  stored 
in  the  Executive  System.  Each  particular  sequence  is  called  a Rigid  Format  and  is  requested  by  the 
user  for  the  particular  analysis  to  be  performed  (statics,  elastic  stability,  dynamics,  etc.). 

Each  Rigid  Format  consists  of  two  parts.  The  first  is  a sequence  of  instructions  (including 
Instructions  for  executive  operations  as  well  as  for  functional  module  operations)  that  is  stored 
in  tables  maintained  by  the  executive  system.  The  second  part  is  a set  of  restart  tables  that 
automatically  modify  the  sequence  of  instructions  to  account  for  any  changes  in  the  input  data 
when  a restart  is  made  after  partial  or  complete  execution  of  a problem.  The  restart  tables  can 
accoirmodate  a change  of  Rigid  Format  such  as  occurs,  for  example,  when  vibration  modes  are  re- 
quested for  a structure  that  was  p.reviously  analyzed  statically.  The  restart  tables  are,  as  can 
be  imagined,  quite  extensive,  and  their  generation  constitutes  a significant  part  of  the  effort 
expended  in  developing  a Rigid  Format.  They  are,  however,  one  of  the  more  Important  cost-saving 
features  of  NASTRAN. 

It  is  also  possible  for  the  user  to  modify  a Rigid  Format  via  an  ALTER  feature,  which  is 
described  in  Sectio..  2.2  of  the  User's  Manual.  Typical  uses  of  the  ALTER  feature  are  to  schedule 
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an  exit  at  an  intermediate  point  in  a solution  for  the  purpose  of  checking  intermediate  output, 
to  schedule  the  printing  of  a table  or  a matrix  for  diagnostic  purposes,  and  to  add  or  delete  a 
functional  module  from  the  sequence  of  operating  instructions. 

A flexible  procedure  is  provided  for  the  solution  of  general  matrix  problems.  All  of  tne 
matrix  operations  (such  as  addition,  multiplication,  triangular  decomposition,  and  eigenvalue 
extraction)  used  in  the  program  can  be  directly  addressed  by  the  user  with  DMAP.  The  user  con- 
structs a cnain  of  DMAP  Instructions  in  order  to  effect  the  solution  of  general  matrix  problems. 

The  rules  for  generating  a DMAP  sequence  are  explained  in  Section  5 of  the  User's  Manual. 

The  DMAP  sequence  itself  consists  of  a series  of  statements  consisting  of  executive  operation 
instructions  and  functional  module  calls.  Each  statement  contains  the  name  of  the  InstructiDn 
{or  functional  module),  the  names  of  the  input  data  blocks,  the  names  of  the  output  data  blocks, 
and  the  names  and  values  of  parameters.  Typical  examples  of  parameter  usage  are  to  indicate 
whether  an  operation  is  to  be  performed  with  single- or  double-precision  arithmetic,  which  mathe- 
matical method  will  be  used  (when  there  are  options),  or  the  desired  format  of  the  output. 

The  names  of  some  of  the  executive  operations  are  BEGIN,  CHKPNT  (used  when  it  is  desired  to 
copy  data  blocks  onto  the  Problem  Tape  in  case  an  unscheduled  restart  is  necessary),  FILE  (used 
to  save  an  intermediate  data  block),  REPT  (used  to  provide  looping  capability),  PURGE  (used  to 
prevent  storage  of  data  blocks),  and  END. 

The  functional  modules  belong  to  one  of  the  following  categories:  structural  modules,  iiatrix 

operations,  utility  modules,  and  user  modules.  The  structural  modules  are  the  main  subprograms 
of  NASTRAN.  Some  examples  of  structural  modules,  taken  from  dynamic  analysis,  are:  READ  (Real 

Eigenvalue  Analysis),  GKAM  (Modal  Dynamic  Matrix  Assembler),  TRD  (Transient  Response,  Dynamic), 
and  DOR  (Dynamic  Data  Recovery).  Typical  matrix  operations  provided  are:  add,  multiply,  trans- 
pose, etc.  The  utility  modules  mainly  provide  capability  for  formatting  output  data.  The  user 
modules  are  dummy  modules  that  provide  the  user  with  the  ability  to  write  new  functional  capa- 
bility that  will  automatically  be  recognized  by  the  Executive  System. 

The  usual  methods  of  output  for  NASTRAN  are  the  operating  system  print  or  punch  files  and 
the  NASTRAN  plot  tapes.  Procedures  for  normal  output  selection  are  described  in  Section  2.3  of 
the  User's  Manual.  The  printing  of  tables  or  matrices  generated  by  NASTRAN  is  controlled  by  a 
group  of  utility  modules  described  in  Section  5.3  of  the  User’s  Manual.  In  many  cases,  it  is 
desirable  to  save  matrices  and  tables  for  use  in  restart  operations.  When  using  Rigid  Formats, 
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it  is  possible  to  save  preselected  tables  and  matrices  by  using  the  checkpoint  option  described  in 
Section  2.2  of  the  User's  Manual.  Checkpointed  files  are  written  on  the  New  Problem  Tape.  It  is 
also  possible  for  the  user  to  save  selected  matrices  on  tape  by  inserting  one  of  the  user  modules 
described  in  Section  5.3  of  the  User's  Manual  into  the  DMAP  sequence  by  means  of  the  ALTER  option. 

The  usual  method  of  input  for  NASTRAN  is  the  operating  system  card  reader.  When  performing 
restarts,  the  New  Problem  Tape  from  a previous  run  is  redesignated  as  the  Old  Problem  Tape  and 
used  as  an  additional  source  of  input.  Tapes  that  have  been  prepared  with  user  modules  on  previous 

'i 

runs  can  also  be  used  as  additional  input  sources  by  inserting  one  of  the  input  user  modules  into 

the  DMAP  sequence  by  means  of  the  ALTER  option.  I 
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5.2  PROGRAM  SYSTEM  REQUIREMENTS 


\ NASTRAN  is  a very  large*  F0RTRAN  computer  program.  It  consists  of  more  than  1600  sub- 

routines and  over  200  individual  overlay  segments.  The  program  is  designed  for  batch  mode  opera- 
tion on  each  of  three  computer  configurations:  IBM  System  360/370  series*  CDC  6000/CYBER  series, 
V and  UNI VAC  1108/1110  series  computers. 


Two  key  concepts  in  the  structure  of  NASTRAN  are  the  open  core  and  file  concepts.  All  data 
used  or  created  in  NASTRAN  calculations  are  stored  in  an  area  of  computer  memory  which  begins 
where  program  Instructions  end  and  terminates  where  the  user  has  specified  the  limit  of  memory 

resources  for  the  particular  job.  This  area  of  memory  is  called  "open  core."  Data  are  only 

* 

temporarily  stored  in  open  core.  While  the  data  are  not  actually  needed  for  computations,  they 
are  stored  on  either  input,  output,  or  scratch  files  assigned  to  the  particular  module.  Thus,  the 
file  is  the  primary  source  of  data  storage,  and  FCRTRAN  file  requirements  are  a major  system 
resource  requirement  of  NASTRAN.  Typical  NASTRAN  runs  require  as  many  as  50  F0RTRAN  files  for 
execution. 

The  open  core  concept  is  described  in  detail  with  an  example  in  Section  5.2.4.  NASTRAN  file 
usage  is  described  in  Section  5.2.5.  Additional  information  about  NASTRAN  and  its  characteristics 
peculiar  to  installation  on  different  computers  ^s  presented  in  Sections  5.2.1  through  5.2.3. 

5.2.1  NASTRAN  Computers 

Although  NASTRAN  is  a FJJRTRAN-oriented  system,  considerable  effort  was  required  to  develop 
programming  and  word-handling  techniques  applicable  to  three  separate  computer  configurations. 
These  computers  exhibit  wide  differences  in  their  binary  word  sizes  and  integer  representation 
methods.  The  current  computer  configurations  for  NASTRAN  and  their  significant  differences 
follow: 


I 


1.  IBM  System  360/370  Series 
Word  Size  - 32  Bits 

Character  Capacity  - 8 bits/character  and  4 characters/word  (character  = byte) 
Integer  Representation  - Twos  complement  for  negative  integers 
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Character  Capacity  - 6 bits/character  and  6 characters/word 
Integer  Representation  - Ones  complement  for  negative  integers 

3.  CDC  6000/ CYBER 

Word  Size  - 60  Bits 

Character  Capacity  - 6 bits/character  and  10  characters/word 
Integer  Representation  - Ones  complement  for  negative  integers 

5.2.2  Alphanumeric  Data 

Data  stored  within  a computer  as  binary-coded-decimal  (BCD)  characters  must  be  represented 
by  the  pr^oper  hardware-defined  bit  codes.  These  character  codes  (and  in  the  case  of  the  IBM 
System/360,  the  number  of  bits  representing  the  code)  vary  among  the  NASTRAN  computer  types. 
Although  the  number  of  characters-per-word  could  have  been  obtained  from  the  SYSTEM  table, 
various  data  blocks  and  buffers  within  NASTRAN  required  firm  entry  sizes,  regardless  of  computer 
type,  to  facilitate  indexing.  For  these  reasons,  the  minimum  number  of  characters-per-word  (4) 
among  the  three  computer  types  was  chosen  as  a program  design  standard.  Computer  types  with  a 
word  capacity  of  greater  than  fo<'r  characters  will  have  the  unused  low-order  character  positions 
filled  with  BCD  blanks. 


5.2.3  Word  Packing 


Standard  FORTRAN  compilers  do  not  provideathe  capability  for  storing  or  retrieving  data  that 
occupies  less  than  a full  computer  word.  Through  the  Machine  Word  Functions  (MAPFNS)  routine, 
some  limited  word  packing  (not  to  be  confused  with  matrix  packing)  is  performed  within  the 
Executive  System  and  a few  utility  subroutines.  Packing  provides  an  efficient  use  of  memory 
space  at  the  expense  of  the  additional  operating  time  needed  to  combine  or  separate  the  elements 
of  the  packed  words.  The  Machine  Word  Function  0RF  Is  generally  used  for  combining  elements, 
while  ANDF  with  a suitable  mask  is  used  for  separating  them. 

5.2.4  The  Open  Core  Concept 

The  design  philosophy  of  the  NASTRAN  system  dictated  a completely  open-ended  design  whenever 
possible.  NASTRAN  was  to  have  the  flexibility  to  operate  on  a second-generation  machine  with  a 
32K  core  (such  as  the  now  unsupported  IBM  70^4/7040  DCS)  as  well  as  the  largest  of  the  IBM  S/360 
series  of  computers,  and  take  complete  advantage  of  the  additional  core  storage  without  major 
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progran  changtt.  Tht  ust  of  a fixad  dinanslon  for  large  arrays  mss  rejactad*  since  this  auto- 


matically restricted  the  size  of  a problem  that  could  be  solved.  Instead*  modules  weiv  programmed 
to  allocate  space  as  required  and  to  use  spill  logic  to  transfer  data  to  scratch  files  when  com- 
plete core  allocation  Is  Impossible.  In  this  manner,  a problem  might  cause  spill  logic  to  be  used 
on  a computer  with  limited  core  storage,  but  not  on  a computer  with  a large  core  storage  capacity. 


5.2.4. 1 Definition  of  Open  Core 

The  definition  of  open  core  In  NASTRAN  Is:  a contiguous  block  of  working  storage  defined  by 
a labeled  common  block  whose  length  Is  a variable  determined  by  the  NASTRAN  executive  function, 
C0RSZ.  The  Implementation  of  this  definition  by  the  module  writer  consists  of  the  origining  of 
a labeled  common  block  at  the  end  of  his  overlay  segment.  This  labeled  common  block  contains  a 
dimensioned  variable  of  length  1.  CQRSZ  returns  the  number  of  words  of  core  available  between  his 
open  core  origin  and  the  end  of  core.  The  module  writer  can  now  write  his  program  as  If  he  had 
dimensioned  his  array  by  that  number.  In  actuality,  he  Is  extending  beyond  the  area  reserved  for 
the  array  Into  an  area  reserved  for  the  job  but  not  currently  used  by  the  segment.  When  Imple- 
menting  this  concept,  care  must  be  taken  to  assure  that  the  system  does  not  use  this  area. 

5. 2. 4. 2 Example  of  an  Application  of  Open  Core 

Figure  1 demonstrates  the  use  of  open  core  by  two  subroutines,  A and  B.  By  some  means, 
which  are  machine  dependent  and  are  discussed  In  Section  5,  an  end  point  Is  established  for  open 
core.  The  length  of  open  core  Is  then  the  difference  between  this  end  point  and  the  labeled  common 
block.  In  the  example  shown,  subroutine  A will  have  more  open  core  available  to  It  than  B does. 

5.2.5  NASTRAN  Input  and  Output  Files 

The  particular  (IBM  S/360,  UNIVAC  1100,  CDC  6000)  operating  system  Input  and  output  files 
provide  the  required  data  connection  between  NASTRAN,  the  Input  data  decks,  and  the  printed  output. 
Utility  subroutines  XRCARD  and  RCARD  converl  special  NASTRAN  Input  card  fonaats  to  standard  FfRTRAN 
data  words  easily  handled  by  all  NASTRAN  Input  processors.  Printed  output  is  generated  through 
FfRTRAN-formatted  write  statements.  All  Internal  data  block  Input/output  Is  handled  by  GINf,  the 
system  of  NASTRAN  general  purpose  Input/output  routines.  6IN0  provides  the  required  manipulation 
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to  tailor  the  verlable-length  logical  data  records  needed  by  most  NASTRAN  modules  to  fixed-length 
records  available  on  all  direct  access  mass  storage  hardware. 

5.2.5.1  Use  of  the  Operating  System  Input  File 

The  system  Input  file  Is  read  only  by  the  following  routines  within  the  NASTRAN  Rreface: 

1.  SEMI NT  reads  the  first  card  and  processes  It  using  utility  XRCARO  If  It  Is  the  NASTRAN 
card. 

2.  The  Executive  Control  Deck  containing  free-fleld  cards  Is  read  and  processed  by  XCSA 
using  the  MICARO  utility. 

3.  The  Case  Control  Deck  containing  free-fleld  cards  Is  read  and  processed  by  IFPI  using 
the  XRCARO  utility. 

4.  The  Bulk  Data  Deck  containing  fixed-field  cards  Is  read  by  XS0RT.  This  data  Is  sub- 
sequently processed  by  IFP  using  the  RCARD  utility. 

These  card  conversion  utilities  (XRCARO  and  RCARD)  provide, respectively,  all  the  free-fleld 
and  fixed- field  data  card  processing  required  by  NASTRAN. 

5.2. 5. 2 Use  of  the  Subroutine  XRCARO 

XRCARD  Interprets  NASTRAN  free-fleld  data  cards  and  processes  the  fields  Intc  a sequential 
buffer  than  can  be  easily  handled  by  subsequent  modules.  Free-fleld  data  consist  of  series  of 
data  Items  separated  by  suitable  delimiters  and  punched  In  non-specific  card  columns.  Data  Items 
may  Include  alphanumeric,  Integer,  and  various  types  of  real  variables.  Field  delimiters  may 
Include  the  comma,  slash,  pamethesis,  and  blanks.  For  details  regarding  data  and  delimiter 
usage  and  the  format  of  the  sequential  output  buffer,  see  the  XRCARO  subroutine  description  In 
the  Programmer's  Manual,  Section  3.4.19. 

5.2. 5.3  Use  of  the  Subroutine  RCARD 

RCARD  Interprets  NASTRAN  fixed-field  data  cards  and  processes  the  fields  Into  a sequential 
buffer  than  can  be  easily  handled  by  subsequent  modules.  Fixed-field  data  consist  of  data  Items 
r.unched  within  specific  card  fields.  Eac.i  eighty-column  card  Is  divided  Into  an  eight-column 
10  field  (for  the  card  mnemonic)  followed  by  either  eight  eight-column  data  fields  or  four 
sixteen-column  data  fields.  A special  character  (asterisk  or  plus)  within  the  ID  field  determines 
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when  the  card  is  to  be  interpreted  as  containing  sixteen -column  fields.  The  last  eight  columns 
of  the  card  are  for  continuation  mnennnics  used  by  XSPRT  and  are  not  processed  by  RCARO.  The 
data  Item  within  the  ID  field  n»ist  be  alphanumeric.  The  data  items  within  all  other  fields  may 
Include  alphanumeric,  integer,  and  various  types  of  real  variables.  For  details  regarding  data 
and  the  fomat  of  the  sequential  output  buffer,  see  the  RCARD  subroutine  description  In  the 
Progranitier's  Manual,  Section  3.4.20. 

5.2. 5.4  Use  of  the  Operating  System  Output  File 

Although  NASTRAN  printed  output  is  formed  and  placed  onto  the  system  output  file  through 
use  of  standard  FtSRTRAN-formatted  write  statements,  two  basic  NASTRAN  design  concepts  prohibit 
every  operating  module  from  generating  printed  output.  First,  since  the  FORTRAN  1/0  package 
for  output  generation  occupies  a sizable  block  of  computer  memory,  this  package  is  generally 
positioned  by  loader  directives  within  specific  output-oriented  segments,  rather  than  within  the 
root  segment  of  the  overlay,  to  .reduce  the  total  meaiory  requirement.  Second,  because  many 
functional  modules  generate  the  same  or  similar  diagnostic  and  information  messages,  a NASTRAN 
message  writer  (MSGWRT)  was  developed  to  centralize  message  text  and  thus  prevent  duplications 
within  many  separate  modules. 

For  the  reasons  previously  discussed,  NASTRAN  output  generation  is  restricted  to  a specific 
class  of  modules  which  can  reside  within  an  output-oriented  segment  below  the  link  root  segment. 
These  segments  contain  the  output- producing  modules  such  as  the  Output  File  Processor  (0FP), 
the  Message  Writer  (MSGWRT).  and  the  various  table  and  matrix  printers  (TABPT,  MATPRT,  etc.) 
along  with  the  output  titling  (PAGE)  and  necessary  F0RTRAN  1/(1  packages. 

5.2. 5.5  GIN0 

61N0  is  a collection  of  subroutines  which  provide  for  all  input  and  output  operations  within 
NASTRAN  except  reading  data  from  the  resident  system  input  file  and  writing  data  on  the  resident 
system  output  and  punch  files.  These  latter  operations  are  accomplished  through  F0RTRAN-formatted 
read/write  statements.  NASTRAN  performs  Input/output  operations  by  making  the  following  calls 
to  6IN0  entry  points: 
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1.  »PEN 

0PEN  Initiates  activity  for  a file  (unless  the  data  block  assigned  to  the  file  Is  purged. 
In  Mhich  case  an  alternate  return  Is  given).  A working  storage  area  (GIN)  buffer),  fbr 
use  by  GIN0,  Is  assigned  (allocated)  by  the  calling  program,  thus  providing  optimum  allo- 
cation of  storage  by  the  calling  program.  This  working  storage  area  Is  reserved  for  use 
by  GIN9  until  activity  on  the  file  Is  terminated  by  a call  to  CL0SE  (see  paragraph  4, 
below).  On  each  of  the  NASTRAN  computers,  the  working  storage  area  allocated  by  the 
calling  program  Is  separate  from  the  actual  physical  1/0  buffer. 

2.  WRITE 

WRITE  writes  a specified  (by  the  calling  program)  number  of  words  on  a file.  The  block 
of  words  to  be  written  may  comprise  an  entire  logical  record  or  portion  of  a logical 
record. 

3.  READ 

READ  returns  to  the  calling  program  a specified  (by  the  calling  program)  number  of  words 
from  the  logical  record  at  which  the  file  Is  currently  positioned.  READ  may  be  used  to 
transmit  an  entire  logical  record  or  portion  of  a logical  record. 

4.  CL0SE 

CL0SE  terminates  activity  for  a file.  The  working  storage  area  assigned  at  0PEN  Is 
released.  The  file  Is  repositioned  to  the  load  point  Is  requested. 

5.  REWIND 

REWIND  repositions  the  requested  file  to  the  load  point.  The  file  must  be  "open,"  I.e., 
a REWIND  operation  Is  requested  subsequent  to  a call  to  0PEN  and  prior  to  a call  to  CLfSE. 

6.  FWOREC 

RHOREC  repositions  the  requested  file  one  logical  record  forward. 

7.  BCKREC 

BCKREC  repositions  the  requested  file  one  logical  record  backwards. 

8.  SKPFIL 

SKPFIL  repositions  the  requested  file  forward  or  backward  N logical  files,  where  N Is 
specified  by  the  calling  program. 
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9.  E0F 

E0F  writes  a logical  end-of-file  on  the  requested  file. 

The  basic  unit  of  1/0  In  NASTRAN  Is  a logical  record.  The  length  of  a logical  record  Is 
completely  variable  and  may  range  from  one  word  to  an  arbitrarily  large  number  of  words.  For 
NASTRAN  matrix  data  blocks,  the  convention  was  adopted  that  each  column  of  the  matrix  would  com- 
prise one  logical  record.  For  NASTRAN  data  blocks  containing  tables,  no  rigid  convention  exists. 
Typically,  each  logical  record  contains  one  table  of  a specific  type. 

The  logical  record  concept  provides  greatest  ease  In  progranmlng.  However,  since  these 
records  must  be  stored  on  a physical  device  such  as  a drum,  disk,  or  tape,  the  characteristics  of 
the  device  must  be  taken  into  consideration.  The  bulk  of  NASTRAN  data  Is  stored  on  drums  or  disks. 
For  both  these  devices,  the  common  unit  of  organization  Is  a track,  which  stores  a fixed  number  of 
words.  Thus,  there  is  a conflict  between  the  variable-length  6IN0  records  and  the  fixed-length 
tracks. 

This  conflict  is  resolved  by  blocking.  GIN0  acts  as  the  interface  between  the  device  and 
the  NASTRAN  program.  Using  this  technique,  the  program  itself  need  not  be  concerned  with  device 
considerations  (which  would  create  machine-dependent  code).  GIN0  has  been  parameterized  so  that 
different  devices  may  be  easily  acconinodated. 

Basically,  blocking  provides  for  the  reading  and  writing  of  fixed-length  blocks.  The  length 
of  a block  Is  a function  of  the  device.  It  may  be  one  track,  one-half  track,  or  other  Integral 
division  of  a track  (but  never  more  than  one  track).  Because  of  the  relatively  large  time  to 
access  a given  position  on  a track  (due  to  the  rotational  speed  of  the  device  and/or  mechanical 
movement  of  the  head  to  the  track),  a block  size  equal  to  one  full  track  Is  the  most  desirable. 
However,  limitations  in  the  amount  of  storage  available  to  hold  the  blocks  In  core  Is  a second 
consideration. 

Since  the  logical  record  lengths  are  variable  but  the  length  of  records  physically  read  or 
written  Is  fixed,  logic  must  be  provided  to  accomnodate  this  situation.  This  logic  1$  provided  In 
the  GIN0  routine,  which  allows  for  the  following  cases: 

1.  Multiple  logical  records  per  block 

2.  Multiple  blocks  per  logical  record 
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The  method  by  which  physical  input  and  output  of  blocks  is  accon^lished  by  GIN0  Is  machine 
dependent.  On  the  IBM  S/360,  BSAM  macros  are  used;  on  the  UNIVAC  1108,  NTRAN  Is  used;  on  the 
CDC  6600,  N0S  macros  are  used.  These  implementation  differences  are  transparent  to  the  NASTRAN 
applications  progranmer  (functional  module  writer).  The  systems  programmer  who  is  Interested  in 
implementation  details  on  the  various  machines  is  referred  to  Section  5 of  the  Progranmer's  Manual. 

The  names  of  files  input  as  arguments  to  the  GIN|>  routines  listed  above  may  be  alphabetic 
(BCD,  of  the  form  4HXXXX)  or  integer. 

A GIN0  file  name  is  BCD  if  the  file  contains  permanent  executive  tables  or  data  blocks.  A 
list  of  these  files  for  a particular  NASTRAN  run  resides  in  the  permanent  portion  of  the  FIST 
executive  table.  The  following  list  presents  all  current  executive  files  with  their  BCD  file 
names: 


File 

BCD  File  Name 

Data  Pool  File 

PWL 

New  Problem  Tape 

NPTP 

01(1  Problem  Tape 

BPTP 

BCD  Plot  Tape 

PLT1 

Binary  Plot  Tape 

PLT2 

User's  Master  File 

UMF 

New  User's  Master  File 

NIWF 

User  Input  File 

INPT 

User  Input  Files 

INPl  - INP9 

Functional  modules  should  not  access  these  permanent  executive  files.  Functional  modules 
access  the  files  on  which  their  input,  output,  and  scratch  data  blocks  reside  by  internal  integer 
GINf  file  names.  Prior  to  calling  a functional  module,  the  link  driver  routine,  XSEMi,  calls  sub- 
routine GNFIST  (GNFIST  is  called  exclusively  by  XSEMi)  to  generate  the  FIST  executive  table.  For 
each  input,  output,  or  scratch  data  block  required  for  operation  of  a module  (this  information 
being  contained  in  the  BSCAR  entry),  GNFIST  searches  the  FIAT  to  find  the  data  block.  If  the  data 
block  is  in  the  FIAT  and  a file  has  been  assigned  to  it,  an  internal  GIN0  file  number  denoting  the 
data  block  ano  a pointer  (index)  to  the  entry  in  the  FIAT  is  placed  in  the  FIST.  The  following 
convention  is  used  for  internal  GIN0  file  numbers:  input  data  blocks  — 100  ♦ position  in  the 


5.2-8 


PROGRAM  SYSTEM  REQUIREMENTS 


#SCAR  tntry;  output  data  blocks  --  200  position  In  the  0SCAR  entry;  scratch  data  blocks  — 301 
through  300  n,  where  n - nunter  of  scratch  data  blocks  as  defined  In  the  MPL.  (The  position  In 
the  ISCAR  entry  Is  the  position  In  the  DMAP  Instruction).  If  the  data  block  Is  In  the  FIAT  and  Is 
purged,  no  entry  Is  placed  In  the  FIST  ~or  exaii4>1e,  consider  the  following  ONAP  calling  sequence 
for  functional  module  XYZ: 


XYZ  A.B.C/D,E.F.G/V.N.PARM1/V.N.PARH2  $ 

The  data  blocks  Input  to  the  module  are  A,  B,  and  C;  the  data  blocks  output  from  the  module  are 
D.  E.  F.  and  6;  the  module's  parameters  are  PARM1  and  PMWZ.  Note  that  Internal  scratch  files  are 
not  mentioned  In  the  DMAP  calling  sequence.  The  number  of  scratch  files  for  a module  Is  defined 
In  the  Module  Property  List  (MPL)  executive  table  (see  Section  2.4)  and  Is  coamunlcated  to  the 
Executive  System  via  the  9SCAR.  Details  on  the  syntactical  rules  of  DMA^  are  given  In  Section  S ol 
the  User's  Manual. 

In  order  to  read  the  Input  data  block  G,  the  GIN0  file  number  Interval  to  XYZ  Is  102;  In 
order  to  write  data  block  0,  the  GINB  file  number  Is  201.  The  third  of,  say,  five  scratch  data 
blocks  Is  referenced  by  XYZ  through  the  G1N0  file  number  303. 
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SUBR0UTINE  A 
C9MMPN  /BLANK/  XX 
CBMMPN  /AX/  2(1) 
INTEGER  C0RSZ 
NZ  > CBRSZ(ZO).XX) 
DO  10  I - 1 . NZ 
10  2(1)  =■  I 
RETURN 
END 


SUBROUTINE  B 
COMMON  /BLANK/  XX 
COMMON  /BX/  2(1) 
INTEGER  COBSZ 
NZ  - CORSZ(Zd).XX) 
DO  10  I > 1.NZ 
10  Z(I)  - I 

RETURN 

END 


Figure  1.  An  Example  of  the  Use  of  Open  Core. 
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b.3  NASTRAN  DATA  DECK  ORGANIZATION 

NASTRAN  is  designed  for  batch  mode  operation.  As  such,  job  submittal  takes  the  form  of  a 
card  deck  or  card  images  on  file  submitted  as  a file.  The  input  deck  begins  with  the  required 
resident  operating  system  control  cards.  The  type  and  number  of  these  cards  will  vary  with  the 
installation.  Instructions  for  the  preparation  of  these  control  cards  are  presented  in  Section  11 
Also,  additional  details  regarding  system  control  cards  should  be  obtained  from  the  programming 
staff  at  each  installation. 

The  operating  system  control  cards  are  followed  by  the  NASTRAN  Data  Deck,  shown  in  Figure  1, 
which  is  constructed  in  the  following  order  (depending  on  the  particular  job  requirements): 

1.  The  NASTRAN  Card 

2.  The  Executive  Control  Deck 

3.  The  Substructure  Control  Deck 

4.  The  Case  Control  Deck 

5.  The  Bulk  Data  Deck 

6.  The  INPUT  Module  Data  Card(s) 

5.3.1  The  NASTRAN  Card 

The  NASTRAN  card  is  used  to  change  the  default  values  for  certain  operational  parameters, 
such  as  buffer  size  and  machine  model  number.  The  NASTRAN  card  is  optional,  but  if  present,  it 
must  be  the  first  card  of  the  NASTRAN  Data  Deck.  The  NASTRAN  card  is  a free-field  card  (similar 
to  cards  in  the  Executive  Control  Deck)  Its  format  is  as  follows: 

NASTRAN  keyword^  = value.  keyword2  = value.  ... 

The  most  frequently  used  keywords  are  as  follows: 

1.  BUFFSIZE  - Defines  the  number  of  words  in  a GINB  bufter.  Usually  this  value  is 
standardized  at  any  particular  installation.  However,  the  desired  value  may  be  dif- 
ferent from  the  default  value  of  1803  (IBM),  1183  (COC),  and  1795  (IWIVAC).  In  any 
event,  related  runs,  such  as  restarts  and  User  Master  File  runs,  must  use  the  same 
BUFFSIZE  for  all  parts  of  the  run 

2.  CWFIG  - Defines  the  model  number  of  the  configuration  for  use  in  timing  equations 
for  matrix  operations.  Entries  exist  for  the  following  configurations: 
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MACHINE 

C0NFIG. 

M0OEL  N0 

IBM  360 

0 (default) 

91.  95 

3 

50 

4 

65 

5 

75 

6 

85 

7 

195 

IBM  370  (no  default) 

9 

155 

10 

165 

11 

145 

12 

158 

13 

168 

COC  6000  (nc  default) 

6 

6400/6500 

16 

6600 

CDC  CYBER  170 

0 (default) 

175 

12 

174 

14 

173 

15 

176 

IWIVAC  1100 

0 (default) 

1110 

14 

1108 

Th,  ™cKln.  t,«  Is  det.n.l„.d  b,  »AST«AN.  If  ,he  model  „»b,r  Is  ,be 

defeult.  <be  CIWflG  kemlrd  is  no<  needed  or  the  I.KTRM1  eerd.  It  Is  Ihvorteet  t.  Indict 
the  ocjer  configurjtior;  otheiMne,  ell  time-dependent  matrix  decisions  dill  be  Incorrect 

3.  WKIIMd)  . Defines  a nine-«,rd  array  for  module  commonicatlons.  Currdht!,.  only  l«0C«H(l 
II  lupported.  If  -.dCDHO)  . I.  diagnostic  statistics  from  subroutine  SDCIHP  are  printed- 
-I  -I.  time  and  core  estimates  for  module  SOCmPS  are  made  .Ithout  doln,  the  decomposition. 

C0RE  Defines  the  amount  of  open  core  available  to  the  user  on  the  UNIVAC  1100  series 
machines.  The  user  arc  default  Is  nominally  65K  decimal  «rds.  The  ability  to  Incrcse 
this  value  may  be  installation  limited. 

5.  TBACltS  - Establishes  the  format  for  the  number  of  tracks  (7  or  9)  re<|ulred  for  the 

«.ST««,  pemhanent  plot  file  uhlch  .111  be  copied  to  tape.  This  parameter  Is  not  repulred 
If  a Physical  plot  tap.  is  used,  since  systm.  control  cards  define  the  tracks.  The  para- 

eters  TkACKS  ■ 7.  EIIES  . PLT2  cause  plot  data  to  be.ritten  to  a disk  file  formatted  for 
a plotter  that  reads  7-track  tapes. 

EIIES  - Establishes  MSTItai.  permanent  files  as  being  disk  files  rather  than  tap.  files 
the  EIIES  are  Plfc.  ,ptp.  ,ptp.  gw.  p,„ 

■HUIpl.  file  names  must  be  enclosed  ,1th  parentheses  such  as  EILES  ■ (wf.nptp).  ' The 
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FILES  i)arameter(s)  tmist  be  last  on  the  NASTRAH  card.  Note  the  plot  files.  PLTl  and 
PLT2.  cannot  be  copied  from  disk  to  tape  on  the  UNIVAC.  therefore,  a physical  tape  «u$t 
be  arsigned  prior  to  job  execution  if  plotting  from  disk  is  not  available- 

7,  STST  - Defines  the  singularity  tolerance  in  EHB  and  SHAl.  The  default  value  is  .01. 

Singularities  are  written  to  6PST  or  (if  altered  into  the  Rigid  Format)  6PSPC.  If  module 
GPSPC  is  used,  it  may.  on  option,  automatically  constrain  the  strongest  singularity 
(weakest  stiffness)  combination. 

Additional  information  for  all  NASTRAN  card  options  is  given  in  Section  6.3  of  the  Prograii«r‘$ 
Itenual. 

5.3.2  Function  of  the  Executive  Control  Deck 

The  first  purpose  of  executive  control  is  to  provide  a level  of  regulation  for  the  many 
options  within  NASTRAN.  At  this  level  the  executive  distinguishes  between  the  broad  approaches  to 
problem  solution,  e.g..  between  a matrix  abstraction  approach  by  the  analyst  or  a Rigid  Format 
approach  according  to  problem  class.  Also  at  this  level,  the  executive  distinguishes  between 
several  operational  modes,  e.g..  a first  attempt,  a continuation,  or  a modification.  Certain 
other  functions  of  a general  nature  are  convenient  to  include  with  the  executive  control  such  as 
problem  identification,  selection  of  a level  of  diagnostics,  and  the  estimation  of  solution  time. 

The  Executive  Control  Deck  includes  cards  which  describe  the  nature  and  type  of  the  solution 
to  be  performed.  These  include  an  identification  of  the  problem,  an  estimated  time  for  solution 
of  the  problem,  a selection  of  an  approach  to  the  solution  of  the  problem,  a restart  deck  from  a 
previous  run  if  the  solution  is  to  be  restarted,  an  indication  of  any  special  diagnostic  printout 
to  be  made,  and  a specification  of  whether  execution  of  the  problem  is  to  be  completed  in  a 
single  run.  or  whether  execution  will  be  stopped  (checkpointed)  at  some  intermediate  step. 

Each  of  the  cards  conprising  the  Executive  Control  Deck  is  read  and  analyted.  Depending  on 
the  card.  Information  is  either  stored  in  various  executive  tables  maintained  in  core  storage  or 
written  in  a control  table  on  the  New  Problem  Tape  for  further  processing  during  a later  phase  of 

the  Preface. 

The  Executive  Control  Deck  is  described  in  detail  with  examples  in  Section  6. 
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5.3.3  Function  of  the  Substructure  Control  Ptck 

The  user  places  comnands  needed  to  control  the  execution  of  NASTRAN  for  automated  multi-stage 
substructuring  analyses  via  the  Substructure  Control  Deck.  These  commands  are  automatically  trans- 

lated  Into  OMAR  alter  packages  which  are  then  automatically  Inserted  Into  the  Executive  Control 
Deck. 

The  Substructure  Control  Deck  Is  an  optional  deck.  It  Is  used  only  when  the  substructuring 
system  has  been  requested  through  the  APProach  card  in  the  Executive  Control  Deck.  Further 
details  and  examples  for  the  Substructure  Control  Deck  are  found  In  Sections  7 and  20. 

5.3.4  Function  of  the  Case  Control  PiK;k 

When  the  Rigid  Format  solution  route  is  selected,  further  details  of  control  are  provided  by 
the  Case  Control  portion  of  the  executive.  In  effect,  the  analyst  can  manipulate  his  problem 
by  means  of  entries  he  inserts  in  the  Case  Control  Deck.  Fundamental  to  the  method  of  control  in 
this  section  is  the  notion  of  sets.  Boundary  conditions,  loading  cases,  and  output  selections 
are  identified  by  set  numbers  and  selected  accordingly.  The  analyst  can  make  choices  amongst  the 
sets  of  data  representing  different  physical  situations  which  are  allowed  to  be  assembled  In  the 
bulk  data  portion  of  the  problem  input.  Here  also  the  analyst  can  regulate  his  output. 

The  Case  Control  Deck  includes  cards  that  indicate  the  following  options:  selection  of 
specific  sets  of  data  from  the  Bulk  Data  Deck  (i.e..  from  the  data  deck  that  describes  the  modeling 
details  and  parameters  of  a problem),  selection  of  printed  or  punched  output,  definition  of  sub- 
cases • and  the  definition  of  plots  to  be  made. 

The  Information  definirg  data  set  selection,  output  format  selection,  and  subcase  definition 
is  read  from  the  Case  Control  Deck  and  written  into  a case  control  data  block.  Information 
defining  plot  requests  is  written  into  a plot  control  data  block. 

If  the  problem  is  a restart,  a comparison  with  the  case  control  data  block  from  the  previous 
run  (stored  on  the  Old  Problem  Tape)  is  made.  Differences  are  noted  in  an  exectuive  restart  table. 

5.3.5  Function  of  the  Bulk  Data  Deck 

In  NASTRAN  the  input  supplied  to  the  mathematical  operations  performed  in  functional  modules 
is  provided  in  the  form  of  previously  organized  data  blocks.  Data  blocks  derive  from  two  sources: 
those  that  derive  from  the  bulk  input  data  and  those  that  are  generated  as  output  from  previous 
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functional  lodults.  Those  that  derive  from  the  bulk  data  are  organlied  Into  data  blocks  by  the 
IFP  routine*  but  prior  to  the  execution  of  IFP,  XSfRT  sorts  the  bulk  data.  Operation  of  tlM  XSfRT 
routine  Is  Influenced  by  the  type  of  run.  If  the  run  Is  a cold  start  (that  Is,  an  Initial  sub- 
■Ittal  for  a given  job),  the  bulk  data  Is  read  from  the  system  Input  unit  or  the  User's  Mister 
File,  Is  sorted,  and  Is  written  on  magnetic  files  In  preparation  for  problem  execution.  If  the 
analyst  wants  to  provide  for  a future  restart,  the  SfRT  routine  prepares  a file  on  the  New  Problem 
Tape  which  contains  the  sorted  bulk  data.  If  the  run  Is  a restart,  the  bulk  data  are  copies  from 
the  Old  Problem  Tape  with  the  addition  of  any  changes  from  the  system  Input  imlt. 

An  echo  of  the  unsorted  bulk  data  Is  given  If  requested.  Similarly,  printing  of  the  sorted 
bulk  data  may  be  suppressed  on  request. 

Since  the  collating  sequence  of  alphanumeric  characters  varies  from  computer  to  computer,  the 
sort  routine  converts  all  characters  to  an  Internal  code  prior  to  sorting.  Following  the  sort, 
the  characters  are  reconverted.  In  this  way,  the  collating  sequence  Is  made  computer  Independent. 

The  algorithm  used  by  the  sort  routine  Is  biased  toward  the  case  where  the  data  Is  In  sort  or 
nearly  In  sort.  Consequently,  Bulk  Data  Decks  which  are  nearly  In  sort  will  be  processed  effi- 
ciently by  the  routine. 

5.3.6  INPUT  Module  Data 

NASTRAN  provides  the  capability  to  automatically  generate  bulk  data  cards  for  a number  of 
selected  test  problems.  This  capability  Is  fully  described  In  the  User's  Manual,  Section  2.6. 

The  capability  Is  accessed  by  using  a DMAP  alter  package  fit  the  Executive  Control  Deck  and  by 
plKlng  specially  formatted  data  cards  following  the  Bulk  Data  Deck,  as  shown  In  Figure  1. 

5.3.7  NASTRAN  Character  Set 

Except  for  the  IBM  360/370  series,  all  NASTRAN  data  cards  must  be  punched  using  the  character 
set  shown  In  Table  1 , below.  The  EBCDIC  character  set  may  be  used  on  the  IBM  360/370 
series.  Any  EBCDIC  characters  are  automatically  translated  Into  the  character  set  shown  In  the 
table  below.  The  EBCDIC  character  card  punch  configurations  are  shown  In  parenthesis  for  the 
five  characters  that  differ  from  the  standard  character  set. 


*1M  3e0/370  only. 


6.  EXECUTIVE  CONTROL  DESCRIPTION 

6.1  INTRODUCTION 

The  Executive  Control  Deck  serves  to  identify  the  job  and  the  type  of  solution  to  be 
performed.  It  also  declares  the  general  conditions  under  which  the  job  is  to  be  executed, 
such  as.  maximum  time  allowed,  type  of  system  diagnostics  desired,  restart  conditions,  and 
whether  or  not  the  job  is  to  be  checkpointed. 

[ \ job  to  be  executed  with  one  of  NASTRAN's  standard  Rigid  Formats,  the  number  of 

^ that  Rigid  Format  is  declared.  Any  alterations  to  the  Rigid  Format  that  may  be  desired  would 

also  be  part  of  the  Executive  Control  Deck.  These  alterations  would  be  specified  as  a set  of 
j DMAP  instructions  to  be  inserted  into  the  Rigid  Format  sequence  (User's  Manual.  Section  3). 

I If  Direct  Matrix  Abstraction  (User's  Guide.  Section  15;  and  User's  Manual.  Section  5) 

is  used,  the  complete  DMAP  sequence  must  appear  in  the  Executive  Control  Deck.  These  DMAP 
instructions  allow  the  user  to  specify  his  own  sequence  of  matrix  operations  independent  of 
the  standard  sequences  provided  by  the  Rigid  Formats. 

The  organization  of  the  NASTRAN  input  deck  is  described  next  along  with  the  card  format 
' in  Section  6.2.  The  Executive  Control  options  are  described  in  Section  6.3  and  sunmarized  in 

L Table  1.  Examples  are  also  provided  in  Section  6.4. 
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Table  1.  Executive  Control  Options 

The  following  Executive  Control  cards  are  mandatory: 

Fro9ra^*(DMAP)*  approach  or  a user  provided  Direct  Hatrix  Abstraction 

£i!!B  ■ defines  the  end  of  the  Executive  Control  deck. 

3.  ID  - defines  the  beginning  of  the  Executive  Control  deck. 

p^rara*^*^^"**  maximum  time  In  minutes  allotted  to  the  execution  of  the  NASTRAN 

The  following  Executive  Control  cards  are  required  under  certain  circumstances: 

1.  MIN?  - defines  the  be<nnning  of  user  provided  DMAP  statements. 

2.  END£  - defines  the  end  of  user  provided  DMAP  statements. 

3.  END^TER  - defines  the  end  of  user  provided  changes  to  a Rigid  Format. 

4.  REjl^l^T  - defines  the  beginning  of  a restart  dictionary. 

5.  - selects  the  solution  number  of  a Rigid  Format. 

6.  UMF  - selects  a data  deck  from  a User  Master  File. 

7.  UMFEDIT  - controls  execution  of  a UMF  editor. 

The  following  Executive  Control  cards  are  optional: 

1.  AjJER  - defines  the  Rigid  Format  statement(s)  at  which  the  user  makes  alterations. 

2.  CHKPNT  - requests  the  execution  to  be  checkpointed. 

3.  0IA6  - requests  diagnostic  output  to  be  provided  or  operations  to  be  effected. 

4.  1^  - requests  a User  Master  File  to  be  created. 

5.  i - defines  a non-executable  coranent. 
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6.2  INPUT  SEQUENCE  AND  FORMAT 


Th*  s«qu«nc«  of  Input  cards  for  execution  of  a NASTRAN  run,  see  Figure  1,  begins  with 
the  required  resident  operating  system  control  cards.  The  type  and  nunOer  of  these  cards 
varies  with  the  conventions  used  at  each  computer  Installation.  See  the  progranalng  staff  at 
that  Installation  for  Instruction  In  the  preparation  of  these  control  cards.  Typical  examples 
of  the  operating  system  control  cards  used  by  NASTRAN  are  Illustrated  In  Section  11  for  all 
three  coeputer  systems  on  which  NASTRAN  Is  maintained  (Programmer's  Manual,  Section  5). 

These  operating  system  control  cards  are  followed  by  the  NASTRAN  Data  Deck  which  consists 
of  four  sections: 

1.  Executive  Control  Deck  (described  here). 

2.  Substructure  Control  Deck  (Optional,  Section  7). 

3.  Case  Control  Deck  (Section  8}. 

4.  Bulk  Data  Deck  (Section  9). 

The  Executive  Control  Cards  are  si-nmarUed  In  Table  1 and  Illustrated  with  examples  In 
Section  6.4.  They  may  occur  In  any  sequence  with  only  the  following  exceptions: 


NASTRAN 

This  Is  an  optional  card  and 
of  the  User's  Manual. 


Is  described  In  Section  5 of  the  Guide  and  Section  2 


ID  A1,A2 


This  Is  the  first  card  of  the  Executive  Control  Deck.  It  may  be  pweded  only 
by  the  NASTRAN  card.  If  used,  and  the  operating  system  control  cards. 


CENO 

This  card  Is  the  last  card  of  the  Executive  Control  Deck  and  Is  followed  by  the 
Case  Control  Deck  or  the  Substructure  Control  Deck. 

The  Executive  Control  Card  fonnat  Is  free  field.  The  name  of  the  operation  (e.g..  CHKPNT. 
TIME.  CEND.  etc.)  may  begin  in  any  card  column  and  Is  followed  by  the  operand.  The  operand 
must  be  separated  from  the  name  by  one  or  more  blanks.  The  fields  of  the  operand  are  separated 
by  comaas  and  may  be  Integers  or  alphanumeric.  The  virst  character  of  an  alphanumeric  field 
must  be  alphabetic,  followed  by  up  to  7 additional  alphanumeric  characters.  If  desired,  blanks 
may  be  placed  adjacent  to  separating  comnas  for  legibility.  If  a card  ends  with  a comma,  a 
continuation  card  will  be  expected.  Cownent  cards  ($  in  column  1)  may  be  inserted  anywhere 
in  the  deck  following  the  ID  card.  The  Individual  options  are  described  next. 
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6.3  EXECUTIVE  CONTRA  OPTIONS 

The  Executive  Control  options  are  sunmarized  In  Table  1.  Note  that  the  tiHRP  opt1ons« 

Mhich  are  Included  as  part  of  the  Executive  Control  Deck  on  Input  to  NASHWH,  are  not  su«- 
marlzed  here.  Instead,  see  Section  15  of  this  Guide  for  examples,  and  Section  5 of  ttte  User's 
Manual  for  full  detail  on  the  Individual  DMAP  Instructions.  The  full  explanation  and  examples 
for  each  of  the  Executive  Control  options  and  the  operands  A1  and  K1  Is  found  In  Section  2.2 
of  the  User's  Manual. 

6.3.1  Use  of  Executive  Control  Cards 

As  already  noted  in  Section  6.2,  the  NASTRAN  card,  when  used,  is  always  the  first  card  In 
the  Input  stream  following  the  operating  system  control  cards.  Otherwise,  the  ID  card  Is  the 
first  card  and  CENO  Is  the  last  card  of  the  Executive  Control  Deck. 

If  a restart  run  Is  being  made,  the  restart  dictionary  punched  from  the  preceding  run 
must  be  Included.  The  RESTART  card  is  the  first  card  of  the  dictionary  which  contains  the  user 
problem  Identifiers  provided  for  the  run  being  checkpointed.  The  last  card  contains  the  comment 
$ END  OF  CHECKPOINT  DICTIONARY.  The  information  on  the  RESTART  card  Is  used  by  NASTRAN  to 
check  that  the  correct  restart  tape  (Old  Problem  Tape)  has  been  provided.  If  a new  Rigid 
Format  execution  is  to  be  made  with  the  same  model  from  a previous  run,  a restart  with  Rigid 
Format  switch  could  save  processing  time  by  not  requiring  the  regeneration  of  matrices  saved 
from  the  earlier  run  If  desired,  the  restart  dictionary  may  also  be  modified  to  alter  the 
f^ntry  point  used  for  the  current  problem  (see  User's  Manual,  Section  3.1.3,  for  detail). 

If  OIAGnostlcs  are  desired,  the  "sense  switches"  K must  be  specified.  See  the  list  of 
options  In  Section  2.2.1.  If  long  runs  are  being  made  with  the  user  monitoring  the  operator's 
console,  a status  report  can  be  requested  by  Inputting  0IA6  5,6  to  get  BEGIN  and  END  times  for 
each  functional  module  printed  on  the  operator's  console.  Most  of  the  options,  however,  are 
designed  for  use  in  program  development  and  debugging  of  NASTRAN.  Use  of  DHAP  print  utilities 
(Section  15  of  the  User's  Guide),  and  NASTRAN's  plot  capabilities  (Section  4 of  the  User's 
Manual)  are  suggested  for  obtaining  detailed  Information  which  would  be  helpful  In  finding 
errors  In  a structural  model. 

If  a CHKPNT  Is  requested  (A1  « YES),  a New  Problem  Tape  must  be  provided  (Section  11  of 
the  User's  Guide). 
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To  modify  a Rigid  Format  sequence,  use  the  ALTER  card  to  add  the  desired  DHAP  Instructions. 

The  sequence  nuBi>ers  of  the  Rigid  Formats  are  provided  in  the  User's  Ninual.  Section  3.  More  then 
one  alter  package  may  be  used;  however,  the  last  package  must  terminate  with  ENDALTER.  See  Section 
15  of  the  Guide  for  examples  of  typical  packages. 

To  be  assured  that  a checkpoint  is  taken  before  the  operating  system  terminates  a job  for 
insufficient  time,  set  the  TIME  operand  K to  less  than  the  time  limit  specified  on  the  operating 
system  run,  job,  or  job  step  control  card.  That  way  NASTRAN  will  provide  a normal  exit,  and  the 
punching  of  the  checkpoint  dictionary  can  be  completed. 

If  the  W1FEDIT  editing  feature  is  to  be  used,  the  appropriate  input  (WiF)  and  output  (MUMF) 
tapes  must  be  mounted  (User's  Manual,  Section  2.5;  and  User's  Guide,  Section  11). 

If  the  approach  being  used  is  APP  DMAP.  the  desired  DMAP  instructions  must  be  initiated  with 
BEGINS  or  XOMAPS  (User's  Manual,  Section  5.2)  and  terminated  with  ENDS.  Note  that  any  alphanumeric 
commentary  (except  S)  may  be  inserted  between  BEGIN  and  the  dollar  sign  (S). 


EXAMPLES  OF  EXECUTIVE  CONTROL  DECKS 


e.4  EXAMPLES  OF  EXECUTIVE  CONTROL  DECKS 

The  following  are  examples  of  commonly  employed  Executive  Control  Deck  arrangements. 
Additional  examples  can  be  found  In  Sections  18-26. 


6.4.1  Example  1 - Cold  Start.  No  Checkpoint 


Card  No. 

1 ID  MYNANE.BRIDGE23 

2 APP  OISP 

3 S0L  2.0 

4 TIME  5 

5 DIAG  1.2 

6 CcND 


Notes:  2.  Execute  a displacement  approach. 

3.  Use  the  unmodified  (K2»0).  Rigid  Format  2 - Static  analysis  with  inertia 
relief. 

5.  Request  core  memory  dump  If  a nonpreface  fatal  message  is  generated,  and 
print  File  Allocation  Table  (FIAT)  (Programmer's  Manual.  Section  2.4.1) 
following  each  call  to  the  File  Allocator. 


6.4.2  Exanple  2 - Cold  Start.  Checkpoint.  Modified  System  Parameters 


Card  No. 


1 

NASTRAN 

BUFFSIZE-878 

2 

ID 

PERSONZZ.SPACECFT 

3 

CHKPNT 

YES 

4 

APP 

DISP 

5 

SOL 

1.3 

6 

TIME 

15 

7 

CENO 

Notes:  !•  Requests  a change  In  GINN  buffer  size  for  NASTRAN's  own  read/write  routine. 

2.  Requests  a checkpoint  tape  be  written  (New  Problem  Tape). 

3.  Remove  Instructions  for  loop  control  which  process  additional  sets  of 
constraints  (K2*3).  Rigid  Format  1 - Static  Analysis. 
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6.4.3  Example  3 - Restart.  Checkpoint.  Rigid  Format 
Card  No. 

1 NASTRAN  BUFFSlZE-878 

2 10  PERS8NZZ,  CASES 

3 RESTART  PERS8NZZ.SPACECFT, 2/21/72,  3353, 

4 1,  XVPS,  FLA6«0,  REEL-1,  FILE-6 

5 2,  REENTER  AT  DMAP  SEQUENCE  NUMBER  7 

6 3,  GPL,  FLAG-0,  REEL-1  FlLE-7 


7 

8 
9 

10 

11 

12 

Notes: 


$ END  0F  CHECKPOINT  DICTIONARY 

APP  OISP 

SOL  3,3 

TIME  10 

CHKPNT  YES 

CENO 

1.  The  same  NASTRAN  card  is  used  to  reUin  system  parameters  of  the  original 
cold  start  run. 

2.  New  10  parameters  specified  to  help  identify  the  restart  dictionary  to  be 
punched  by  this  run. 

■»  Tha  firct  card  of  the  restart  dictionary  punched  by  the  previous  run 
in  which  the  CHKPNT  option  5Iertent  ?«ta5t“fr«l  the 

to  follow.) 
vious  run. 

9 Reouests  a switch  to  a normal  modes  analysis  (Rigid  Format  ^) • 

l^JiSg^irtructions  for  processing  additional  sets  of  constraints 

(K2-3). 


11 


Requests  a new  checkpoint  tape  be  written,  a New  Problem  Tape  for  this  run. 


6.4.4  Example  4 - Restart.  No  Checkpoint,  Altered  Rigid  Forrot 


Card  No. 

1 ID  PERS»NYY,PR»JECTY 

2 RESTART  PERSQNZZ, SPACECRAFT,  3/1/73,  5351, 

3 1,  XVPS,  FLAGS-0,  REEL-1 , FILE-6 
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Card  No. 

4 2.  REENTER  AT  OMAP  SEQUENCE  NUMBER  7 

5 3.  GPL,  FLWS-0.  REEL*1 , FILE-7 

6 $ END  0F  CHECKPOINT 'dictionary 

7 CHKPNT  NO 

S APP  DISP 

9 SOL  3.3 

10  TIME  15 

11  ALTER  35 

12  MATPRN  K66X..,,//  $ 

13  TABPT  GPST.,.,//  $ 

14  ENDALTER 

15  CEND 

Notes:  7.  CHKPNT  card  is  opticnal  here  since  is  the  default. 

11.  Beginning  of  ALTER  package  for  inserting  DMAP  instructions  after  Rigid  Format 
3 sequence  nunt>er  35. 

12.  Request  printout  of  stiffness  matrix  KGGX  (User's  Manual,  Section  5.3.2; 
Programmer's  Manual,  Section  2.2.1  and  2.3.9.1). 

13.  Request  printout  of  Grid  Point  Singularity  Table  GPST  (User's  Manual, 

Section  5.3.2;  Programmer's  Manual,  Sections  2.2.1  and  2. 3. 9. 3). 

14.  ENDALTER  concludes  the  alter  package. 
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7.1  INTRODUCTION 

TK.  C».tro.  Deck  (U«r's  H.™.,.  Section  S,7)  is  nn  option.-  cot  in  t« 

• luAc  thp  use  of  the  automated  multi-stage  sub 

»ST««i  input  <i.t.  strM».  Its  prMnnce  invo  ...  is  .I».ys  pUcnil  ii«eiHn“'y 

..^ntnninn  syst»  .<tn  syntnnsis.  «>nn  tnis  Onct  iS  osnO.  -t  is  .i».ys 


following  the  Executive  Control  Deck. 

Use  of  the  Substructure  Control  Deck  also  requires  using 
forms  of  the  APProach  card  in  the  Executive  Control  Deck: 


either  of  the  following  three 


APP  DISP,  SUBS 
APP  OISP,  SUBS,  1 
APP  DMAP,  SUBS 


,0.  »P  Disn.  sues  t..cnti.n  Cntnol  c^nd  c.dsns  NASTP.K  to  .ot«tic.,Iy  cmat. 
.Jto  tn.  dispucnnt  .ppno.cn  .,id  .nnut  spnciiind.  ,n.  ..  0... 

.Pdicus  «st«n  i.s  to  .nt^tiCiy  cn«U  tn.  .a.s.  in  -S  ; 

.n  .U.  p.cn.d.  .n  tn.  sonstnocton.  opnn.tion  to  « ^ 

...  *1  thP  Executive  Control  Deck  input  stream.  The  APP  DMA  . 

r,irc!tes'^that  a user  supplied  DMAP  sequence  for  substructuring  operations  will  be  provided 
:re  I .tno,  - ind.p.nd.nt  oi  an,  spnciiind  Pi.d  ion»t.  inns.  .. cot... 
ir:  n^nds.  tn.it  dS.  ..  contno,  net  tn.  snnstnoctanin,  syst».  .n.  inl-y  nx-nd 


later  in  Section  20. 
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7.2  INPUT  SEQUENCE  AND  FORMAT 

Th«  Substructure  Control  Deck  is  input  iiniiedietely  following  the  lest  card  (CENO)  of 
the  Executive  Control  Deck  (User's  Guide.  Section  €).  The  first  cord  of  the  Substructure 
Control  Deck  iwist  be  SUBSTRUCTURE  PHASE!,  where  i • 1.  2.  or  3,  according  to  the  phase  of 
execution  being  performed.  The  last  card  must  be  ENOSUBS. 

The  Substructure  Control  cards  are  free  format.  Blanks  are  used  to  separate  the  control 
words.  The  equal  sign  («)  is  used  in  an  assignment  statamMt.  A co«a  (.)  as  the  last  entry 
on  a physical  card  signals  that  a continuation  card  will  be  used.  Conment  cards,  signalled 
by  a dollar  sign  ($)  in  card  column  one.  can  be  inserted  anywhere  In  tiie  SiAstructure  Control 
Deck  and  thus  may  contain  any  alphanumeric  characters  the  user  desires.  Only  the  first  four 
characters  of  each  control  word  need  be  used  so  long  as  that  option  is  uniquely  Identified. 

A suBwiary  of  Substructure  Control  cards  is  given  in  Table  1.  Typical  examples  of  their  use 
are  given  in  Section  7.4  and  additional  examples  vdilch  are  related  to  actual  problems  can  be 

found  In  Section  20. 

The  input  sequence  of  Substructure  Control  cards  is  critical  to  successful  execution. 

All  substructure  comnands  except  SUBSTRUCTURE.  ENOSUBS.  and  SBF  cause  OMAP  alters  to  be 
generated.  These  alter  packages  are  built  by  NASTRAN  as  the  Substructure  Control  Deck  com- 
mands  are  encountered.  NASTRAN  then  executes  the  analysis  specified  in  the  same  sequence  as 
these  OMAP  alters  are  generated.  By  convention,  the  S#F  command  and  its  subcommand  PASSUIRO 
are  placed  before  other  executable  commands.  The  user  should  also  note  that  the  order  of 
subcowaands  following  a given  conmand  is  not  critical. 

The  function  of  each  Substructure  Control  command  is  described  in  Section  20  of  this 
Guide,  and  in  Sections  1.10.2  and  2.7  of  the  User's  Manual.  The  OMAP  alters  automatically 
generated  from  each  substructuring  command  are  presented  in  Section  5.9  of  the  User's  Manual. 

A description  of  how  the  user  may  interface  with  these  NASTRAM-generated  substrwcturlng  OMAP 
alUrs  is  presented  in  Section  2.7.2  of  the  User's  Manual  where  the  reader  will  leam  what 
restrictions  are  imposed  by  this  prodedure  on  other  user-supplied  OMAP  alters  for  the  Executive 
Control  Deck. 

The  relationship  between  the  Substructure  Control  Deck  and  the  Executive  Control  Deck 
was  given  in  Section  7.1.  This  relationship  and  others  among  the  Substructure  Control 
Deck,  the  Case  Control  Deck,  and  the  Bulk  Data  Deck  are  fully  developed  with  examples  in 
Section  20. 
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Table  1.  Sunnary  of  Substructure  Cotimands. 


A.  Phase  and  Mode  Control 


# SUBSTRUCTURE 
NAME* 
SAVEPL0T 
0PTIIWS 
RUN 

I ENDSUBS 

B.  SgF  Controls 
I S0F 

PASSWORD* 
S0F0UT  or  S0FIN 
P0SITI0N 
NAMES 
ITEMS 
SBFPRINT 
DUMP 
RESTBRE 
CHECK 
DELETE 
EDIT 
DESTROY 


- Defines  execution  phase  (1»  2,  or  3) 

- Specifies  Phase  1 or  Phase  3 substructure  name  (not  used  In  Phase  2) 

- Requests  plot  data  be  saved  In  Phase  1 

- Defines  matrix  options  (K,  B.  K4,  M,  P,  or  PA) 

- Limits  mode  of  execution  (ORY»  GO,  DRYQB,  STEP) 

- Terminates  Substructure  Control  Deck 


- Assigns  physical  file  for  storage  of  the  SBF 

- Protects  and  ensures  access  to  correct  file 

- Copies  SBF  data  to  or  from  an  external  file 

- Specifies  Initial  position  of  Input  file 

- Specifies  substructure  name  used  for  Inout 

- Specifies  data  Items  to  be  copied  In  or  out 

- Prints  selected  Items  from  the  SBF 

- Dumps  enti re  SBF  to  a backup  f 1 le 

- Restores  entire  SBF  from  a previous  DUMP  operation 

- Checks  contents  of  external  file  created  by  SBFBUT 

- Deletes  out  selected  groups  of  Items  from  the  SBF 

- Edits  out  selected  groups  of  Items  from  the  SBF 

- Destroys  all  data  for  a named  substructure  and  al1_  the  substructures  of 
which  It  Ts  a component 


C.  Substructure  Operations 


COMBINE 

NAME* 

TBLERANCE* 

CONNECT 

OUTPUT 

CBMPBNENT 

TRANSFBRM 

SYNTRANSFBRM 

SEARCH 

EQUIV 

PREFIX* 


- Combines  sets  of  substructures 

- Names  the  resulting  substructure 

- Limits  distance  between  automatically  connected  grids 

- Defines  sets  for  manually  connected  grids  and  releases 

• Specifies  optional  output  results 

- Identifies  component  substructure  for  special  processing 

- Defines  transformations  for  named  cotaponent  substructures 

- Specifies  symmetry  transformation 

- Limits  search  for  automatic  connects 

- Creates  a new  equivalent  substructure 

• Prefix  to  rename  equivalenced  lower  level  substructures 


f Mandatory  Control  Cards 


* Required  Subcommand 
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Table  1 Suinnary  of  Substructure  Comnands  (continued). 


Substructure  Operations  (continued) 


REDUCE 

NAME* 

BfUNDARY* 

RSAVE 

OUTPUT 

MREDUCE 

NAME* 

BOUNDARY* 

FIXED 

RNAME 

R6RID 

METHOD 

RANGE 

NMAX 

RLDM0DES 

9LDB0UND 

USERM0DES 

0UTPUT 

RSAVE 

CREDUCE 

NAME* 

BfUNDARY* 

FIXED 

METH0D 

RANGE 

NMAX 

0LU9DCS 

GPARAM 

OUTPUT 

RSAVE 


Reduces  substructure  matrices 
. nmiss  the  resulting  substructure 
_ Defines  set  of  retained  degrees  of  freedom 

- Indicates  the  decomposition  product  of  the  Interior  point  stiffness 
matrix  Is  to  be  saved  on  the  SDF 

- Specifies  optional  output  requests 

- Reduces  substructure  matrices  using  a nomal  modes  transformation 

- Names  the  resulting  substructure 

- Defines  set  of  retained  degrees  of  freedom 

- Defines  set  of  constrained  degrees  of  freedom  for  modes  calculation 

- Specifies  basic  substructure  to  define  reference  point  for  Inertia 
relief  shapes 

Soeclfles  grid  point  in  the  basic  substructure  to 

pSiSt  4r  iSirt?;  relief  shapes.  Defaults  to  origin  of  basic 

substructure  coordinate  system 

- Identifies  EIGR  Bulk  Data  card 

- Identifies  frequency  range  for  retained  modal  coordinates 

- Identifies  number  of  lowest  frequency  modes  for  retained  modal 

coordinates  , . . 

- Flag  to  Identify  rerunning  problem  with  previously  computed  modal  data 

- Flag  to  Identify  rerunning  problem  with  previously  defined  boundary  set 

- Flag  to  Indicate  modal  data  have  been  Input  on  bulk  data 

- Specifies  optional  output  requests 

- Indicates  the  decomposition  product  of  the  Interior  point  sti  ness 
matrix  Is  to  be  stored  on  the  S0F 

- Reduces  substructure  matrices  using  a complex  modes  transformat  on 

- Names  the  resulting  substructure 

- Defines  set  of  retained  degrees  of  freedom 

- Defines  set  of  constrained  degrees  of  freedom  for  modes  calculation 

- Identifies  EIGC  Bulk  Data  card 

- Identifies  frequency  range  of  Imaginary  part  of  the  root  for  reta  ne 
modal  coordinates 

. Identifies  number  of  lowest  frequency  modes  for  retained  modal 
coordinates  , 

. Flag  to  Identify  rerunning  problem  with  previously  computed  modal  data 

- Specifies  structural  damping  parameter 
. Specifies  optional  output  requests 

- Indicates  the  decomposition  product  of  the  interior  point  st  ness 

hA  stored  on  the  S0F 


* tequlred  Subcommand 
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Table  1.  Sumnary  of  Substructure  Commands  (continued). 


C.  Substructure  Operations  (continued) 


NREC0VER 

SAVE 

PRINT 

S0LVE 

RECOVER 

SAVE 

PRINT 

BREC0VER 

PLJT 


- Recovers  mode  shape  data  from  an  NREDUCE  or  CREDUCE  operation 

- Stores  modal  data  on  SHF 

- Stores  modal  Jata  and  prints  data  requested 

- Initiates  substructure  solution  (statics,  normal  modes,  frequency 
response,  or  transient  analysis) 

• Recovers  Phase  2 solution  data 

- Stores  solution  data  on  SHF 

- Stores  solution  and  prints  data  requested 

- Basic  substructure  data  recovery.  Phase  3 

- Initiates  substructure  undeformed  plots 
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7.3  EXAMPLES  OF  SUBSTRUCTURE  CONTROL  DECKS 

The  following  are  examples  of  Substructure  Control  Decks.  Additional  examples  are  found 
in  Section  20  of  this  Guide  and  in  Section  1.10.2  of  the  User's  Manual  as  they  apply  to  specific 
probleras.  The  notes  are  intended  to  highlight  the  specific  Intent  of  the  particular  card 
illustrated. 


7.3.1  Example  1 - Phase  1.  Create  Substructure  WING 


Card  No. 


1 SUBSTRUCTURE  PHASEl 

2 SUF(l)  * S0F1,  1000,  NEW  $ (CDC) 

or  S0F(1)  = FT02,,NE'W  $ (IBM) 

or  S0F{1)  = INP1,  1000,  NEW  $ (UNIVAC) 

3 PASSWORD  = PR0JECTX 

4 NAME  = WING 

5 SAVEPLOT  * 1 

6 SOFPRINT  TOC 

7 ENOSUBS 


Notes : 


2.  This  deck  is  the  first  substructure  execution  for  Project  X.  It  introduces 
and,  hence,  initial  izes  the  SOF.  Three  versions  of  this  card  are  shown, 
one  for  each  of  the  NASTRAN  computers.  Refer  to  Section  2.7  of  User's 
Manual  for  further  details  and  instructions  on  the  use  of  the  SOF  command. 
Note  that  for  the  life  of  this  SOF  file,  this  is  the  only  time  the  "NEW" 
parameter  is  used. 

3.  Assigns  the  password  PROJECTX  to  this  SOF.  This  password  must  always  be 
used  in  later  executions  to  gain  access  to  the  SOF. 

4.  Assigns  the  name  WING  to  all  matrices  and  tables  created  by  this  NASTRAN 
execution  which  is  to  generate  a basic  phase  1 model. 

5.  Requests  data  be  saved  for  undeformed  plotting  of  this  structure.  To 
define  these  data,  the  following  cards  must  appear  at  the  end  of  the  Case 
Control  Deck: 


OUTPUT(PLOT) 

SET  1 « (any  valid  set  definition) 

Note  that  tnly  one  set  may  be  saved  for  a given  Phase  1 substructure. 

6.  Requests  a print  of  the  substructure  operating  file  (SOF)  table  of  contents. 
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7.3.2  Exawple  2 » Phase  2.  Operations  on  Substructure  WING 


Card  No. 


1 

SUBSTRUCTURE  PHASE2 

2 

SBF(l)  - SBFl,  1000 

3 

PASSWORD  = PR0JECTX 

4 

SOFPRINT  TOC 

5 

REDUCE  WING 

6 

NAME  = WINGR 

7 

BOUNDARY  « 10 

B 

MREDUCE  WINGR 

9 

NAME  - MRWING 

10 

BOUNDARY  » 20 

11 

FIXED  = 30 

12 

METHOD  = 40 

13 

^WAX  » 5 

14 

OUTPUT  = 1,  10 

15 

SOLVE  MRWING 

16 

RECOVER  MRWING 

17 

PRINT  MRWING 

18 

OISP  ' ALL 

19 

ENDSUBS 

Notes: 

5-7.  Requests  a Guyan 

Identified  by  boundary  set  10  specified  on  BOYC  and  B0YS1  Bulk  Data 
cards.  The  other  degrees  of  freedom  from  WING  not  referenced  on  these 
cards  will  be  eliminated  or  reduced  out. 

8-14.  Requests  a normal  mode  reduction  using  the  matrices  associated  with 
WINGR.  The  new  model  wl’1  be  named  MRWIN6.  It  will  contain  physical 
coorvllnate  degrees  of  freedom  defined  by  boundary  set  20,  and  will  have 
5 (NHAX)  additional  modal  coordinates  computed  using  the  eigenvalue  ex- 
traction method  with  set  10  40  Identified  by  the  EIGR  card.  When  the 
modes  are  computed,  degrees  of  freedom  specified  by  boundary  set  30 
(FIXED)  will  be  constrained  to  zero  displacement.  Diagnostic  and  sumnary 
BUTPUT  Is  i-equested. 

15.  Requests  a solution  for  model  MRWING  using  the  appropriate  OMAP  s^uence 
specified  on  the  Rigid  Format  used,  i.e.,  normal  modes  for  RF  3,  frequence 
response  for  RF  8,  etc. 

16.  Requests  the  process  be  initiated  for  recovery  of  data  from  the  solution 
obtained  for  HRWING. 


EXAMPLES  OF  SUBSTRUCTURE  CONTROL  DECKS 

17,18.  Requests  the  displacements  be  printed  for  all  degrees  of  freedom  from 
the  solution  to  MRWING. 


8.  CASE  CONTROL  DESCRIPTION 

8.1  INTRODUCTION 

The  Case  Control  Deck  Is  used  to  provide  titling  information,  to  select  sets  of  data 
from  the  Bulk  Data  Deck,  to  generate  the  subcase  structure,  and  to  make  output  requests  for 
printing,  punching,  and/or  plotting. 

The  Case  Control  data  are  placed  on  a file  which  is  read  by  the  NASTRAN  functional  modules 
This  information  is  used  by  a module  to  control  is  processing  and  to  select  the  specific  data 
on  which  it  is  to  operate.  The  sequence  in  which  these  functional  modules  themselves  are 
called  is  controlled  by  user  input  to  the  NASTRAN  Executive  Control  Deck  (User's  Guide, 

Section  6).  The  Case  Control  options  (User's  Manual,  Section  2.3)  are  listed  in  Table  .. 
Typical  examples  of  their  use  are  given  in  Section  8.4.  Additional  examples  related  to 
actual  problems  can  be  found  in  Sections  18  through  26. 


8.1-1 


INPUT  SEQUENCE  AND  FORMAT 


8.2  INPUT  SEQUENCE  AND  FORMAT 

Ih.  C«.  Comrol  l).ck  IS  iwt  l■««<ll•tt'»  “• 

Cortrol  deck  (User's  Selde.  Section  6)  or.  «nen  present,  the  Ust  cerO  (euosues)  of  the  Seb- 
,tr«tore  Control  Oeck  (User's  OolOe.  Section  7).  It  ter.ln.tes  .1th  the  M6I«  BULK  cerO 
.*,ch  inltl.tes  the  Input  of  the  .oik  O.C  Deck.  This  c.rO  .nO  the  EhMUnh  cerO.  -ilch  sl,- 
n.1,  the  enO  of  Bulk  Oof.  »st  ojsie.  be  used  euen  If  there  ore  no  Bulk  Oet.  crOs. 

The  C.S.  control  C.rO  Is  free  for«t.  Bl.nk.  .re  used  to  s.p.r.t.  the  control  «rOs. 

The  eou.1  slpn  (•)  Is  "seo  In  .n  .ssHn«nt  st.te«ht.  A co»»  (.1  .t  the  end  of  . physlcl 
cord  SI90.1S  th.t  s contlnu.tlon  crd  .111  be  us«l.  Co™»nt  cords.  slgn.lled  b,  . dolUr 
„jn  (,)  ,n  crd  colu.0  one.  con  be  lns.rt«l  .n,.h.r.  In  the  C.se  Control  Oeck  end  thus 

^ . j.u.<ir«e  fi^ilv  the  first  four  cherecters  of 

contain  any  alphanumeric  characters  the  user  desires.  0,  y 

..ch  control  ..rd  need  b.  used  so  Ion,  .s  thot  option  Is  unlquel.  Identified. 

The  input  secuence  of  C.se  Control  cords  Is  orbltr.r,  .1th  the  ..ceptlons  of  the  loc.tlons 

of  SuaasE.  SJBCKf.  etc.;  «UTPUt(PL.I)  Ohd  WT11BT ( «VPL,T ) co^unds;  ond  the  set  of  plot 

co-onds.  The  effects  of  Cse  Control  cord  order  Is  discussed  1.  Section  7.S  of  the  User's 

Manual . 
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8.3  CASE  CONTROL  OPTIONS 

The  Case  Control  options  are  listed  In  Table  1.  These  options  are  divided  Into  functional 
groups  for  Bulk  Data  selection,  output  selection,  and  subcase  specification  as  described 
below.  A brief  suiwnary  of  the  subcase  specification  options  Is  presented  In  Table  2.  Examples, 
with  explanations,  are  presented  In  Section  8.4.  Additional  examples  as  they  apply  to  specific 
problems  can  be  found  In  Sections  18  through  26.  Refer  to  the  discussion  of  each  available 
Rigid  Format  (User's  Manual,  Section  3)  for  a detailed  description  of  the  applicable  Case 
Control  options. 

8.3.1  Bulk  Data  Selection 

In  general,  element  connectivities,  element  properties,  gridpoint  coordinates,  and 
related  geometry  data  used  to  describe  a structural  model  are  no^  selected  from  Bulk  Data  by 
Case  Control.  kU  of  these  data  that  are  found  in  the  Bulk  Data  Deck  are  used  In  defining  the 
model.  However,  Case  Control  i^  used  to  select  from  Bulk  Data  by  specification  of  the  appropriate 
set  Ideiitiflers,  those  load  sets,  constraint  sets,  temperature  data,  direct  Input  matrix 
data,  and  method  of  analysis  which  are  to  be  used  in  solving  a particular  problem.  The 
concept  of  Case  Control  allows  the  user  to  analyze  one  model  under  many  different  loading  and 
constraint  conditions  all  In  one  run.  Each  unique  combination  of  conditions  Is  Identified 
In  Case  Control  as  a separate  subcase  within  that  one  run. 

Additional  control.  It  should  be  noted.  Is  p-ovided  directly  In  Bulk  Data  via  the  PARAM 
card  (User's  Manual,  Section  3.1).  Each  Rigid  Format  (User's  Manual,  Section  3)  allows  for 
selected  parameters  to  be  specified  on  this  card.  These  parameters  may  be  used  In  directing 
NASTRAN  to  perform  additional  processing  and  to  provide  for  additional  output. 


8.3.2  Output  Selection  (User's  Manual.  Section  2.3) 

The  Case  Control  options  for  control  of  NASTRAN  output  allow  the  user  to  select  the  results 
he  wishes  to  have  printed,  punched,  or  plotted.  General  structural  analyses,  as  performed  by 
NASTRAN,  can  produce  such  overwhelming  volumes  of  computer  printout  that  this  selective  feature 
Is  one  of  the  most  Important  functions  of  the  Case  Control  Deck.  A full  description  of  the 
specialized  output  available  is  presented  at  the  conclusion  of  the  discussion  of  each  Rigid  Format 
(User's  Manual,  Section  3). 
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Certain  cetegorles  of  NASTRAN  output  are  automatically  provided  (User's  Manual,  Section 
3.1).  The  automatic  output  includes  the  NASTRAN  title  page,  echo  of  the  Executive  Control. 

Case  Control,  and  sorted  Bulk  Data  Decks.  OMAP  sequence  listing  on  restarts  and  the  Check- 
point Dictionary  when  a civjckpoint  has  been  requested.  Additional  output  can  be  requested 
for  diagnostic  purposes,  f.g.,  see  Executive  Control  DIAG  card  (User's  Manual.  Section  2) 
and  OMAP  alters  (User's  Gjide,  Section  15). 

The  specific  output  which  may  be  requested  through  Case  Control  can  be  divided  into 
categories  as  follows: 

1.  Output  Contrc'  - provide  for  titles,  organization,  pagination  and  mode  of  output. 

2.  Output  Amounts  - provide  for  definition  of  sets  and  intervals  to  limit  volume 
of  output. 

3.  Output  Categoric'.  - provide  for  selection  of  data  types  to  be  output. 

These  requests  may  be  applied  for  all  subcases  or  selectively  to  individual  subcases  to  further 
limit  the  volume  of  desired  output.  Within  a subcase,  the  user  also  has  the  option  to  suppress 
output  which  had  been  requested  above  the  subcase  level.  The  output  requests  for  specific  types 
of  data  provide  the  parameters  (User's  Manual  Section  2.3)  with  which  the  user  may  select  special 
sorting  of  the  output,  e.g..  printed  or  punched.  The  user  should  refer  to  the  explanations  of 

the  Case  Control  examples  in  Section  8.4  where  certain  idiosyncrasies  in  the  use  of  the  output 
options  are  described. 

The  output  available  from  a Random  Response  Analysis.  Rigid  Formats  8 and  11  should  be  espe- 
cially noted.  Unlike  the  results  from  other  available  analyses,  the  printout  of  the  power  spectral 
density  and  autocorrelation  functions  is  available  only  through  the  plotting  control  options  pro- 
vided for  #UTPUT(XT0UT)  (User's  Manual,  Sections  10.4  and  19.7). 

Plotting  requests,  which  always  appear  after  the  last  subcase,  are  sufficiently  specialized 
that  separate  sections  (User's  Guide.  Sections  10.3  through  10.5)  are  devoted  to  a discussion  of 
the  four  forms  of  plotting  available  in  NASTRAN.  These  forms  are: 

1.  Structural  - illustrates  the  actual  model  in  an  undeformed  and/or  in  a deformed 
state  (User's  Manual.  Section  4.2). 

2.  I-V  Plot  - provides  curve  plotting  of  selected  response  data  in  functional  form 
(User's  Manual,  Section  4.3). 
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3.  Matrix  Plot  - provldos  a topo9rtpN1cal  display  of  laatrlx  co#ff1c1#nts  In  graphical 
fona  (Osar's  Manual.  Suction  5.3.2,  "SEEMAT'*). 

4.  Contour  Plots  - displays  stress  and  dlsplacaaant  contours  (User's  Manual,  Section  4.2). 

8. 3. 3 Subcase  Specification  (User's  Manual.  Section  2.3) 

In  general,  separate  subcases  are  used  to  define  unique  coeblnatlons  ladings  and  constraint 
sets.  Subcases  also  are  used  to  control  output  requests,  to  Identify  th%  method  of  analysis,  to 
change  Integration  tine  Intervals  and/or  to  specify  unique  sets  of  direct  Input  natrlces.  Further- 
more. separate  subcases  are  used  to  control  symmetry  and  antl-symnetry  conditions  Including  super- 
position of  the  corresponding  solutions.  Guidelines  for  subcase  requirements  according  to  r th 
of  the  available  Rigid  Formats  can  be  found  In  the  "Case  Control  Deck  and  Parameters"  subsection 
of  the  User's  Manual  starting  with  ''action  3.2.  The  following  summarises  these  requirements  as 
they  apply  to  the  different  classes  of  analysis: 


5 

i 

i 
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1.  static  Analyses,  Rigid  Formats  1 and  2 

e Separate  subcases  for  each  unique  coa*>1nat1on  of  loadings  and  constraint  set';. 

e Loading  conditions,  selected  fiom  Bulk  Data  with  L0AD,  DCFfRH,  or  TEWERATURE 

(L9A0)  cards,  which  are  associated  with  the  same  sets  of  constraints  should  be 
called  for  In  contiguous  subcases  to  avoid  unnecessary  computations.  The  SPC 
constraint  sets  may  Include  gridpoint  displacements  as  a loading  condition 
which  will  be  superimposed  on  any  other  loading  selected  In  that  subcase. 

2.  Static  Analysis  with  Differential  Stiffness,  Rigid  Format  4 

e Case  Control  must  contain  only  two  subcases.  The  loading  and  constraint  sets 
must  be  specified  above  the  subcase  level.  The  first  subcase  Is  used  to  specify 
the  output  requests  that  apply  only  to  the  linear  solution.  The  second  subcase 
Is  used  to  specify  output  requests  for  the  nonlinear  solution. 

3.  Buckling  Analysis,  Rigid  Format  5 

e Same  as  #2  above  except  that  the  second  subcase  contains  the  MEfMRD  card 

selecting  the  EIG8  card  from  Bulk  Data  which  defines  the  method  of  eigenvalue 
extraction. 

4.  Piecewise  Linear  Analysis,  Rigid  Format  6 

e Case  Control  must  contain  one  and  only  one  subcase. 

e The  PLCBEF  card  which  must  be  used  to  select  the  sequence  of  loading  factors 
to  be  applied. 

5.  Normal  Modes  Analysis,  Rigid  Format  3 

e Multiple  subcases  are  used  only  to  control  output  requests. 

e The  METhfD  card  must  be  used  to  select  the  EIGR  card  om  Bulk  Data. 
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6.  Direct  Coinplex  Eigenvalue  Analysis,  Rigid  Format  7 | 

1 

t At  least  one  subcase  must  be  defined  for  each  unique  set  of  direct  Input  1 

matrices  (K2PP,  MCPP,  B2PP). 

e The  CMETH0D  card  must  be  used  to  select  the  EIGC  card  from  Bulk  Data  for  each 
set  of  direct  Input  matrices. 

• Multiple  subcases  for  each  set  of  direct  Input  matrices  are  used  only  for 

output  control . . 

5 

7.  Direct  Frequency  and  Random  Response,  Rigid  Format  8 ^ 

i 

a At  least  one  subcase  must  be  defined  for  each  unique  set  of  direct  Input  matrices 
(K2PP,  M2PP,  B2PP)  or  frequencies  and  only  one  FREQUENCY  card  and  one  ^FREQUENCY 
card  can  be  used  for  each  such  set. 

Consecutive  subcases  for  each  set  of  direct  input  matrices  or  frequencies  are 
used  to  define  thr  loading  conditions  • one  subcase  for  each  dynamic  loading 
condition  selected  from  Bulk  Data  by  the  DL0AD  card. 

e Constraints  must  be  specified  directly  in  Bulk  Data  (GRID  or  6RDSET)  or  selected 
above  the  subcase  levol.  Grid  point  displacements  specified  with  these  constraint 
sets  will  be  ignored. 

e K put  from  a Random  Response  Analysis  may  be  selected  only  with  the  XY0UT 
options  (User's  Guide,  Section  10.4) 

8.  Direct  Transient  Response,  Rigid  Format  9 

• One  subcase  must  be  defined  for  each  dynamic  loading  condition  selected  from 
Bulk  Data  by  the  DLOAD  card. 

Const  iints  must  be  specified  directly  In  Bulk  Data  (GRID  or  GRIDSET)  or  speci- 
fied bove  the  subcase  level.  Grid  point  displacements  specified  with  these 
con  ^int  sets  will  be  Ignored. 

9.  Modal  Coiv'-'  Elgenv  lue.  Frequency  and  Random  Response,  and  Transient  Response 

Analyses,  Rigid  Formats  10,  11  and  12 

a METH0D  must  appear  above  the  subcase  level  to  select  the  method  of  eigenvalue 
extraction. 

f Constraints  must  be  specified  alrectly  In  Bulk  Data  (GRID  or  GRDSET)  or  speci- 
fied above  the  subcase  level.  Grid  point  displacements  specified  with  these 
constraint  sets  will  be  Ignored. 

10,  Normal  Modes  with  Differential  Stiffness,  Rigid  Format  13 

t The  Case  Control  Deck  must  contain  three  subcases. 

• The  first  subcase  Is  used  for  output  selection  for  the  linear  case  and  to  define 
static  loading  condition  with  a L0AD,  TEMPERATURE(L0AD),  or  DEF0RM  selection, 
unless  all  loading  Is  specified  by  grid  point  displacements  on  SPC  cards. 

f DSC0EFFFCIENT  must  appear  in  the  second  subcase,  either  to  select  r OSFACT  set 
from  the  Bulk  Data  Deck,  or  to  explicitly  select  the  default  value  jf  unity. 

• METH0D  must  appear  above  the  subcase  level  to  select  an  EIGR  bulk  data  card. 

• The  static  differential  stiffness  solution  Is  output  from  the  second  subcase.  *v 

The  eigenvector  solution  Is  output  from  the  third  subcase. 

• An  '“)PC  set  must  be  selected  above  the  subcase  level  unless  all  constraints  are  ^ i 

specified  on  GRID  cards. 
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11.  Static  Analysis  Using  Cyclic  Symmetry,  Rigid  Format  14 

a A separate  group  of  subcases  must  be  defined  for  each  symmetric  segment.  For 
dihedral  symmetry,  a separate  group  of  subcases  are  defined  for  each  half. 

e The  different  loading  conditions  are  defined  within  each  group  of  subcases. 

The  loads  on  erch  synmetric  segient  and  the  selected  output  requests  may  be 
independent.  Tne  number  of  loading  cases  Is  specified  on  the  PARM  card 
NL0AD. 

e The  SPC  and  MFC  requests  must  appear  above  the  subcase  level  and  may  not  be 
changed. 

e An  alternate  loading  method  is  to  define  a separate  group  of  subcases  for  each 
harmonic  index,  k.  The  parameter  CYCI0  Is  included  and  the  load  components 
for  each  index  are  defined  directly  within  each  group  for  the  various  loading 
conditions. 

12.  Normal  Modes  Analysis  Using  Cyclic  Symnetry,  Rigid  Format  15 

a METH0O  must  be  used  to  select  an  EI6R  card  that  exists  in  the  Bulk  Data  Deck. 

• An  SPC  set  must  be  selected  unless  the  model  is  a free  body  or  all  constraints 
are  specified  on  GRID  cards.  Scalar  Connection  cards  or  with  General  Elements. 

• Multiple  subcases  are  used  only  to  control  output  requests.  A single  si^bcase 

is  sufficient  if  the  same  output  is  desired  for  all  modes.  If  multiple  subcases 
are  present,  the  output  requests  will  be  honored  in  succession  for  increasing 
mode  numbers.  M0OES  may  be  used  to  repeat  subcases  in  order  to  make  the  same 
output  requests  for  several  consecutive  modes. 

13.  Static  Heat  Transfer  Analysis,  Rigid  Format  1,  APP  HEAT 

e A separate  subcase  must  be  defined  for  each  unique  combination  of  constraints 
and  static  loads. 

• A static  loading  condition  must  be  defined  for  (not  necessarily  within)  each 
subcase  with  a L0AO  selection,  unless  all  loading  is  specified  with  grid  point 
temperatures  on  SPC  cards. 

• An  SPC  set  must  be  selected  for  (not  necessarily  within)  each  subcase,  unless 
all  constraints  are  specified  on  GRID  cards  or  Scalar  Connection  cards. 

• Loading  conditions  associated  with  the  same  sets  of  constraints  should  be  in 
contiguous  subcases,  in  order  to  avoid  unnecessary  looping. 

• REPCASE  may  be  used  to  repeat  subcases  in  order  to  allow  multiple  sets  of  the 
same  output  Item. 

14.  Nonlinear  Static  Heat  Transfer  Analysis,  Rigid  Format  3,  APP  HEAT 

t A single  subcase  must  be  defined  with  a single  loading  condition  (L0AD)  and  a 
single  constraint  condition  (SPC). 

t An  estimated  temperature  distribution  vector  must  be  defined  on  TEMP  cards 
and  selected  with  a TEMP(MATERIAL)  request.  Temperatures  for  constrained 
components  are  taken  from  these  TEMP  cards  and  entries  on  SPC  cards  are  ignored. 


I 

f 

y 

i 

I 


■J 


i 


J 


8.3-5 


CASE  CONTROL  DESCRIPTION 


15.  Transient  Heat  Transfer  Analysis,  Rigid  Format  9,  APP  HEAT 

• A single  subcase  must  be  defined  with  a single  constraint  condition. 

• ss?t;o"j^'^'‘Ti2'^{:t“?  Toll  cirSrjovicT^^jSL' 

ikah  in  1<tent1f1cat1on  number  on  the  static  load  cards  (Field 

(Field  2).  * ****  identification  niMber  dn  the  MREA  cards 

‘ InJ^SJf.'*  '»  “»«*  '«F  '"*«9ration 

• ieVS'lK  M“tota“£«!°"  ■'  “ “'•«  • «» 

• An  estimated  temperature  distribution  vector  must  be  defined  on  TFW  r»rH. 
and  selected  .1th  a TElWWTEIllAt)  reddest  if  radia1i»'X?J  arTlScl^led. 

16.  Modal  Flutter  Analysis,  Rigid  Format  10,  APP  AER9 

• Only  one  subcase  is  allowed. 

• 'T'  tci-  "K  ""p'hs 

'•"pp  J ***  selected  via  the  keywords  K2PP,  M2PP,  or  B2PP. 

• CMETHOD  must  be  used  to  select  an  EIGC  card  from  the  Bulk  Data  Deck. 

• FMETHOO  must  be  used  to  select  a FLI-TTER  card  from  the  Bulk  Data  Deck. 

• method  must  be  used  to  select  an  EIGR  card  that  exists  in  the  Bulk  Data  Deck. 

• SDAMPING  must  be  used  to  select  a TABDMPl  table  if  structural  damping  is  desirtjd. 
7.  Modal  Aeroelastic  Response,  Rigid  Format  11,  APP  AER0 

• to  select  eigenvalue  extraction 

iitAlll  *«t  of  direct  input 

• def^n^thl^old^lo  Input  matrices  or  frequencies 

condition.  ^ condition  - one  subcase  for  each  dynamic  loading 

• Constraints  must  be  defined  above  the  subcase  level 

subcase.  If'transient^loads  are'^elecle^*^Fo*"i  condition  for  each 

put.  fr«d.nc,.d.„nd:n!rdr 


S'fSiKri’Iihll,";}  ,»r  -uMn ,dPc„, 

th.  d.f.dU  if  to  df.  .'??  J"„Tnc'i,"  \l\Zl\  " 


M«Sr'lIli‘'n«£S?!'  cnicdlotlont  am  datir^l.  Mmm  host  ho  dsod  to  toloot 
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CASE  CONTROL  OPTIONS 
Table  1.  Case  Control  Options 


BULK  DATA  SELECTION 


Loads : 

DEFORM 

DL0AD 

OSCBEFFICIENT 

L0AD 

NONLINEAR 

PLCBEFFICIENT 


Constraints: 

AXISYMMETRIC 

MPC 

SPC 


OUTPUT  SELECTION 


Output  Control : 

ECM0 

LABEL 

LINE 

MAXLINES 

(JUTPUT 

OUTPUT (PLOT) 
OUTPUT (XYOUT) 
OUTPUT  (XYPLOT) 
SUBTITLE 
TITLE 


Specific 
Output 
Amounts : 

HARMONICS 

MOOES 

OFREQUENCY 

SET 


Direct  Input 
Matrices: 

B2PP 

K2PP 

M2PP 

TFL 


SOLUTION  Set 
Response: 

NLLOAO 

SACCELERATION 

SOISPLACEMENT 

SVECTOR 

SVELOCITY 


Dynamic 

Analyses 

Conditions: 

CMETHOD 

FREQUENCY 

IC 

METHOD 

RANDOM 

SDAMPING 

TSTEP 


Stress, Force, 
Degree-of- 
Freedom 
Response: 

acceleration 

DISPLACEMENT 

elforce 

ELSTRESS 

ESE 

FORCE 

GP  FORCE 

MPCFORCE 

NCHECK 

OLOAD 

PRESSURE 

SPCFORCES 

STRESS 

THERMAL 

VECTOR 

VELOCITY 


Thermal  Fields: 

TEMPERATURE 
TEMPERATURE(LOAD)  ^ 
TEMTERATUREIMATERIAL) 


Aeroelasticity: 

FMETHOO 

GUST 


Aeroelasticity: 

AEROP 


SUBCASE  SPECIFICATION 


General  Case: 

SUBCASE 

REPCASE 

SUBCOM 


Symmetric 

Case: 

SYM 

SYMCOM 


Combination  Coefficients 
General : Synmetricj. 
SUBSEQ  SYMSEQ 


CASE  r JROL  DESCRIPTION 


Table  2.  Case  Control  - Subcase  Specification 


SUBCASE 

SUBC0M 

SUBSEQ 

SYM 

SYMC0H 

SYMESEQ 


REPCASE 


H0OES 


Defines  the  beginning  of  a subcase  that  Is  terminated  by  the  next 
subcase  delimiters  encountered. 

Defines  a combination  of  two  or  more  inmedlately  preceding  subcases 
In  static  or  inertia  relief  problems  only.  Output  requests  above  the 
subcase  level  are  used. 

Must  appear  In  a subcase  defined  by  SUBC0M  to  give  the  coefficients 
for  making  the  linear  combination  of  the  preceding  subcases.  The 
first  coefficient  applies  to  the  first  subcase,  the  second  to  the 
next  subcase,  etc.,  for  all  subcases  except  combination  subcases. 

Defines  a subcase  In  static  or  Inertia  relief  problems  for  which  only 
output  requests  within  the  subcase  will  be  honored.  Primarily  for 
use  with  symmetry  problems  where  the  individual  parts  of  the  solu- 
tion may  not  be  of  Interest. 

Defines  a combination  of  two  or  more  Immediately  preceding  SYM 
subcases  in  static  or  inertia  relief  problems  only.  Output  requests 
above  the  subcase  level  are  used. 

May  appear  In  a subcase  defined  by  SYMC0M  to  give  the  coefficient, 
one  for  each  subcase,  for  making  the  linear  combination  of  the 
preceding  SYM  subcases.  A default  value  of  1.0  Is  used  If  no  SYMSEQ 
card  appears,  otherwise,  a coefficient  must  be  specified  for  all 
subcases  except  combination  subcases. 

Defines  a subcase  In  static  or  Inertia  relief  problems  only  that 
Is  used  to  make  additional  output  requests  for  the  previous  real 
subcase.  This  card  is  required  because  multiple  output  requests 
for  the  same  Item  are  not  permitted  in  the  same  subcase. 

Repeats  the  subcase  in  which  It  appears  M0DES  times  for  eigenvalue 
problems.  Used  to  repeat  the  same  output  request  for  several 
consecutive  modes. 
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EXAMPLES  OF  CASE  CONTROL  DECKS 


1 TITLE  * STATIC  ANALYSIS  OF  D(NIR  FRAME 

2 SUBTITLE  - CLOSED  POSITI0N 

3 OUTPUT 

4 DISPLACEMENTS  • ALL 


MPC 

3 

3 

SPC 

X 

15 

SET 

1 

* 256  THRU  289 

SET 

5 

* 15  THRU  20,  23,  25,  101  THRU  123 

SUBCASE 

1 

10 

LABEL  - DECflMPRESSHJN 

11 

LOAD  » 561 

12 

OLOAO  > 1 

13 

SUBCASE  2 

14 

LABEL  « REENTRY  THERM 

15 

TEMPERATURE  (LOAD)  • 

16 

STRESS  « ALL 

17 

SUBCASE  3 

1B 

LABEL  « IMPACT 

19 

SPC  » 25 

20 

LOAD  • 1061 

21 

STRESS  • 5 

22 

EEGIN  BULK 
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CASE  CONTROL  OCSCRIPTlOh 


Notes: 

1-2.  Identified  basic  problen  and  special  conditions 
3-4,  Overall  output  request  for  all  gridpoint  displacements 

5.  Selects  multipoint  constraint  set  from  Bulk  Data  Deck 

6.  Se1ec:;s  single  point  constraint  set  from  Bulk  Data  Deck 

9-10.  Defines  sets  of  grid  points  and  elements  for  selective  output  to  be 
specified  later 

11-14.  First  load  subcase,  label  Information,  loading  selected  from  Bulk 
Data  and  special  output  request  for  applied  loads  on  grid  point 
set  #1. 


15-18.  Second  load  subcase,  label  Information,  therma'!  load  set  selection  and 
special  output  request  for  stt*esses  for  all  elements. 


19-21.  Third  load  subcase,  label  Information,  change  In  single  point  con- 
straint set,  load  selection  and  limited  stress  output  for  elements 
defined  by  set  #5. 


22.  Signals  beginning  of  Bulk  Data  Deck  co  follOM 


8.4.2  Example  2 - Linear  Combination  of  Subcases 
Card  No. 


1 TITLE  - BUILDING  ASG637-111-PG 

2 $ SET  1 GR0UNO  FL00R  AND  FIRST  FLR0R  BEAMS 

3 SET  = 1 THRU  25,  51  THRU  75, 

4 101  THRU  125,  151  THRU  175 

5 $ SET  ? SUPP0RT  GRID  P0INTS 

6 SET  2 - 1 THRU  26 

7 DISPLACEMENTS  - ALL 

8 ELF9RCE  « 1 

9 0L0AO  - ALL 

10  SPCF0RCE  > 2 

11  SUBCASE  10 

12  ELF0RCE  > N0NE 

13  DEFBRM  * 10 

14  SPC  • 10 

15  SUBCASE  20 

16  ELF0RCE  - N0NE 
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EXAMPLES  OF  CASE  CONTROL  KCKS 

Cird  Ho. 

17  SPC  • 20 

18  SUBCfN  31 

19  LABEL  • PRETENSIBN  PLUS  TWICE  SUPPfRT  SEnLEMENT 

20  SUBSEQ  - 1.0.  2.0 

21  SUBCBM  32 

22  LABEL  - PRETENSIfN  MINUS  TWICE  SUPPfRT  SETTLEMENT 

23  SUBSEQ  - I.O,  -2.0 

24  BEGIN  BULK 


I 


Notts:  4,7.  CoMMnt  card  to  facllltatt  InterprtUtlon  of  sot  dofinitlon. 

12.  Output  roquost  for  support  rooctlons  on  singit  point  constraints  and 
printout  of  gridpoint  loading  voctor. 

13*15.  First  subcast,  tltntnt  dtformatlon  loading,  supprtsslon  of  tlamant  forct 
output  rtqutst  abovt  subcast  Itvtl , and  stitctlon  of  singit  point 
constraint  sat. 


17*19.  Stcond  subcast,  tnforctd  dlsplactmtnts  at  support  sptcifltd  by  singit 
point  constraint  sat  and  supprtsslon  of  t1t«cnt  fOrct  output.  A null 
load  vtctor  will  bt  output  dut  to  abstnst  of  dirtct  appiltd  gridpoint 
loads. 

20-22.  Conblnatlon  subcast  adding  two  prtvious  subcasts,  labtl  Information 

and  cotfficitnts  for  combination  with  output  for  dlsplacMonts,  t1tw<«nt 
forcts,  reactions  and  appiltd  loads. 

23*25.  Combination  subcast  taking  subcast  10  and  subtraction  twice  subcase  20. 
Same  output  with  new  label. 


Special  note  should  be  made  of  the  fact  that  NASTRAN  applies  the  combination  coefficients 
to  the  elenent  stress  and  force  results  before  they  are  corrected  for  the  DEFfRM  or  TEMP(LfAO) 
loading  effects.  These  corrective  effects  are  not  multiplied  by  the  combination  coefficient 
•Rien  they  are  added  to  the  combination  loading  results. 


8.4.3  Example  3 * Statics  Problem  with  Svamietry 
Card  Wo. 

1 TITLE  - GRfUNO  LEVEL  STfRAGE  TANK 

2 SUBTITLE  • NfN-SYMMETRIC  LfADS 

3 SET  1 • 1.  11.  21.  31,  51 

4 SET  2 - THRU  10.  101  THRU  110 


U 


] 
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CASE  CONTnOL  OCSCRtmON 

DISPLACEMENTS  • ALL 
ELSTRESS  • 2 
0L0ADS  - } 

SYM  1 

SPC  “ 11 
L0AO  - 21 
SYM  2 

SPC  • 12 
L0AO  > 22 
SYM0OM  3 
SYMC0M  4 

SYMSEQ  1.0,  -1.0 
BEGIN  BULK 

10-15.  Definition  of  syrmetrlc  and  anti-symnetrlc  loads  and  support  conditions. 

16.  Symmetric  summation  of  subcases  1 and  2. 

17-18.  Anti-symmetric  combination  of  subcases  1 and  2.  The  output  selected 
will  be  printed  for  all  four  subcases. 

8.4.4  Example  4 - Use  of  REPCASE  In  Static  Analysis 

ta  rd  _No . 

1 TITLE  - FRAMING  F8R  BLOG  673- 7A 

2 SUBTULE  * HEAVY  EQUIPMENT  LOADING 

3 SET  1 ' 1 THRU  10.  101  THRU  110,  201  THRU  210 

4 SET  2 • 21  THRU  30,  121  THRU  130,  221  THRU  230 

5 SET  3 - 41  THRU  100  EXCEPT  55,  57.  59,  61  . 65,  72,  78.  95 

6 SUBCASE  1 

7 LftiT  » 10 

8 SPC  • II 

9 DIS?  » ALL 

10  F.LF0RCE  i 


Card  No, 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 
17 

NMt.es : 


I 


C<rd  No. 
11 
12 

13 

14 

15 

Notes: 


8.4.5  Example 
Card  No. 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

Notes: 


EXANPLES  OF  CASE  CONTROL  DECKS 


REPCASE  2 

ELF8RCE  • 2 
REPCASE  3 

ELFIRCE  - 13 
BEGIN  BULK 

8-11.  Specifies  load  and  support  conditions  to  be  analyted  and  requests 
output  for  displacements  at  all  grid  points  and  element  forces  for 
the  elements  In  set  II. 

12-15.  Specified  two  subcases  for  output  control  for  printing  elOMint  forces 
for  sets  #2  and  13. 


5 - Use  of  NODES  and  PUNCH  Output  Options 


TITLE  > 9XTANK  SUPPfRT  SYSTEN  WITH  CONSTRAINED  MODES 
LINE  > 40 
METHOD  ■ 2 
SPC  - 10 
SUBCASE  1 

OISPCPUNCI)  - ALL 
STRESS  • ALL 
MOOES  - 2 
SUBCASE  3 

01 SP  - ALL 
BEGIN  BULK 

4.  Specified  40  lines  maxiMum  per  page  of  printout. 

5 Selects  EI6R  card  from  Bulk  Onca  for  specification  of  method  for  eigen- 
value extraction. 

7-10.  Specified  displacements  be  punched  and  element  stresses  be  printed 
for  the  first  two  modes. 

11-12.  Specified  displacements  be  printed  for  all  remaining  modes. 


1 

1 

i 

i 
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CASE  CONTROL  OESCRlfH’ION 


8.4.6  Example  6 - Use  of  S0RT2  Output  Option 
Card  No. 


1 TITLE  - TRANSIENT  ANALYSIS  8F  AXLE 

2 SUBTITLE  > TRAVELLING  WAVE 

3 TSTEP  =«  9 

4 IC  - 9 

5 SET  I = 2,  4.  6,  8.  10.  12,  14,  16,  18,  20 

6 iUTPUT 

7 0ISP(S8RT2)  « 1 

8 VEL8(S8RT2)  = 1 

9 BEGIN  BULK 

Notes:  5.  Selects  timestep  definition  from  Bulk  Data. 

6.  Selects  Initial  conditions  from  Bulk  Data. 

8-10.  Specifies  output  requests  for  displacements  and  velocities  for  all 
output  time  steps  (^RT2)  at  each  grid  point  selected  by  set  II. 
The  excitation  is  produced  by  Initial  conditions  only. 

Special  note  should  be  taken  that  there  is  only  one  subcase  here  and.  therefore,  it 
need  not  be  explicitcly  defined. 

8.4.7  Example  7 - Use  of  XY0UT  with  Frequency  and  Random  Response 
Card  No. 


1 TITLE  =■  DIRECT  RANO0H  RESPONSE  TO  PSD102-A 

2 SUBTITLE  - CABINET  5A 

3 SPC  • 11 

4 DL8AD  * 102 

5 FREQ  - 101 

6 RAND9M  - 2 

7 8UTPUT 

8 SET  1 • 1 THRU  10,  101  THRU  110,  120,  130,  150 

9 SET  2 « 0.1,  0.3,  0.6,  1.2,  1.8,  2.4,  3.0 

10  8FREQ  - 2 


i 
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C«rd  No. 

11  ACCEL(S|RT2.PHASE)  • 1 

12  SWCASE  15 

13  LABEL  > DAMPING  SpURCE  T|P 

14  B2PP  - TIEDANP 

15  fUTPUT(XY»UT) 

16  TCURVE  - PSD  FIR  TBP  DAMPING 

17  XYPRINT  ACCE  PST.f  15/1(T1)/1(T2)/101(R3) 

18  BEGIN  BULK 

Notes:  5-8.  Specifies  envlreiwent  for  the  analysis  Including  support  conditions. 

frequency  dependent  dynanlc  load,  the  set  of  frequencies  for  solution 
and  the  power  spectral  density  function. 

12.  Specifies  frequency  set  12  for  outputting  results. 

13.  Requests  the  acceleration  fOr  all  output  frequencies  for  each  grid 
point  of  set  II  In  magnitude/ phase  angle  format. 

16.  Specifies  the  direct  Input  damping  matrix. 

19.  Requests  output  from  the  Random  Response  analysis  consisting  of  the 
power  spectral  density  function  for  the  first  subcase  (#15)  at  grid- 
point  1 U’*cce1erat1on) , gridpoint  1 (Y-acceleratlon)  and  gridpoint 
101  (Z-angular  acceleration). 


9.  BULK  DATA  DESCRIPTION 


9.1  INTRODUCTION 

The  primary  NASTRAN  Input  medium  for  definition  of  the  data  r«,u1red  for  a structural  analysis 
the  Bulk  Data  Deck.  The  cards  in  this  deck  are  used  to  define  the  structural  model  and  the 
various  other  sets  of  data  used  to  specify  the  environment  to  which  the  model  Is  subjected  for 
analysis.  Also.  Bulk  Data  cards  may  be  used  to  specify  the  parameters  and  limits  required  to 
control  the  analysis.  A brief  suamaiy  of  the  available  options  are  presented  In  Table  1.  An 

alphabetically  ordered,  detailed  description  of  all  Bulk  Data  cards  Is  found  In  the  User’s  Manual. 
Section  2.4. 

In  general,  all  the  data  submitted  describing  the  physical  properties  of  the  model  are 

used  directly  by  NASTRAN.  Those  data  used  to  specify  conditions  of  the  environment  such  as 

constraints,  temperatures,  and  loadings  must  be  selected  via  Case  Control  options  If  they  are 

to  be  applied  to  the  model.  Methods  of  analysis.  Including  the  associated  data  and  limits 

«ust  also  be  selected  from  Bulk  Data  via  the  Case  Control  options.  Because  these  last  two 

categories  of  information  are  fully  under  the  control  of  the  user,  the  Bulk  Data  Deck  may 

Include  several  sets  of  these  data  at  once.  The  "subcase"  structure  of  the  Case  Control  deck 

provides  the  user  with  the  facility  to  define  each  unique  cortinatlon  of  these  data  as 

separate  subcases  to  be  analyzed  since  more  than  one  subcase  may  be  solved  In  a single  run  with 
NASTRAN. 

For  large  problems,  the  Bulk  Data  Deck  may  consist  of  several  thousand  cards.  In  order 
to  minimize  the  handling  of  large  numbers  of  cards,  provision  has  been  made  In  NASTRAN  to 
alphabetically  sort  and  store  the  Bulk  Data  on  a checkpoint  tape  and/or  on  a User’s  Master  File 
tape  (Section  9.4).  Data  can  then  be  added  or  selectively  deleted  during  subsequent  runs. 

The  Bulk  Data  Deck  may  be  submitted  with  the  cards  in  any  order  as  a sort  is  performed 
prior  to  the  execution  of  an  analysis.  It  should  be  noted  that  the  machine  time  to  perform 
this  sort  is  minimized  for  a deck  that  Is  already  sorted.  The  sort  time  for  a badly  sorted 
d«:k  will  become  significant  for  large  decks.  The  user  may  obtain  a printed  copy  of  the  un- 
sorted and/or  the  sorted  bulk  data  by  selection  in  the  Case  Control  Deck  (User’s  Manual.  Section 
2.3.  ECHf).  A sorted  listing  Is  necessary  in  order  to  make  modifications  during  a subsequent 
execution  from  a checkpoint/restart.  This  listing  Is  automatically  provided  as  an  echo  of  the 
Bulk  Data  Deck  unless  specifically  suppressed  by  the  user. 
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BULK  DATA  OCSCKIPTION 


Input  d«U  preparation  for  large  finite  eleaents  aodeU  Is  very  often  the  largest  tingle  cost 
In  an  analysis,  as  well  as  a major  source  of  error.  Automated  data  generation  Is  one  means  for  re> 
ducing  both  cost  and  Input  error  through  the  use  of  design  oriented  models  that  cover  more  of  the 
structure  than  a single  finite  element.  NASTIUN  provides  a specialized  utility  module,  called 
INPUT,  to  create  the  majority  of  Bulk  Data  cards  required  fdr  seven  selected  kinds  of  problams. 

This  automated  data  generation  Is  described  In  Section  9.5. 

To  examine  the  use  of  Bulk  OaU  Cards,  refer  to  the  Demonstration  Problem  Manual  which  contains 
an  extensive  Index  to  problems  Illustrating  application  of  each  Bulk  Data  Card  option. 

'1 

i 
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PROBLEM  DEFINITION 


9.2  PROBLEM  DEFINITION 


NASTRAN  einbodles  a liMpad  elemtnt  approach,  wherein  the  distributed  physical  properties 
of  a structure  are  represented  by  a model  consisting  of  a finite  nuiBber  of  Idealized  sub- 
structures or  elements  that  are  Interconnected  at  a finite  number  of  grid  points,  to  which 
loads  are  applied.  All  Input  and  output  data  pertain  to  this  Idealized  structural  model. 

The  grid  point  definition  forms  the  basic  framework  for  the  structural  model.  All  other 
parts  of  the  structural  »acdel  are  referenced  either  directly  or  Indirectly  to  the  grid  points. 

Three  general  types  of  grid  points  are  used  In  defining  the  structural  nnodel.  They  are: 

1.  Geometric  grid  point  - A point  In  three-dimensional  space  at  which  three  components 
of  translation  and  three  components  of  rotation  are  defined.  The  coordinates  of  each 
grid  point  are  specified  by  the  user. 

2.  Scalar  point  - A point  in  vector  space  to  which  one  degree  of  freedom  is  assigned. 
Scalar  points  can  be  coupled  to  geometric  grid  points  by  means  of  scalar  elements 
and  by  constraint  relationships. 

3.  For  axisymmetrlc  analyses*  the  geometric  grid  point  becomes  a r1ng--a  point  In  space 
rotated  about  the  structural  axis  of  symmetry. 

The  structural  element  Is  a convenient  means  for  specifying  many  of  the  properties  of 
the  structure.  Including  material  properties,  mass  distribution  and  some  types  of  applied  loads. 
In  static  analysis  by  the  displacement  method,  stiffness  properties  are  Input  by  means  of  struc- 
tural elements,  scalar  stiffness  elements,  or  stiffness  macrices.  Mass  properties  (used  In 
the  generation  of  gravity  and  Inertia  loads)  are  Input  either  as  properties  of  structural 
elements  or  as  properties  of  grid  points.  In  dynamic  analysis,  mass,  damping,  and  stiffness 
properties  may  be  Input  either  as  the  properties  of  structural  elements  or  as  the  properties 
of  grid  points  (direct  Input  matrices). 

Structural  elements  are  defined  on  connection  cards  by  referencing  grid  points.  In  a few 
cases,  ill  of  the  Information  required  to  generate  the  structural  matrices  for  the  element 
Is  given  on  the  connection  card.  In  most  cases  the  connection  card  refers  to  a property  card, 
on  which  the  cross-sectional  properties  of  the  element  are  given.  The  property  card  In  turn 
refers  to  a material  card  which  gives  the  material  properties.  If  some  of  the  material  pro- 
perties are  stress-dependent  or  tempera ture-dep^.- dent,  a further  reference  Is  made  to  tables 
for  this  Information. 
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Various  kinds  of  constraints  can  be  applied  to  the  grid  points.  Single-point  constraints 
are  used  to  specify  boundary  conditions*  Including  enforced  displacements  of  grid  points. 

Multipoint  constraints  are  used  to  specify  a linear  relationship  among  selected  degrees  of 
freedom*  Including  the  definition  of  Infinitely  rigid  elements.  Additionally*  rigid  elements 
are  available  for  automatic  generation  of  multipoint  constraint  equations,  (knitted  points  are 
used  to  partition  matrices  and  to  reduce  the  number  of  degrees  of  freedom  used  In  the  analysis. 
Free-body  supports  are  used  to  remove  stress-free  motions  In  static  analysis  and  to  evaluate  the 
free-body  Inertia  properties  of  the  structural  model. 

Static  loads  may  be  applied  to  the  structural  model  by  concentrated  loads  at  grid  points* 
pressure  loads  on  surfaces*  or  Indirectly*  by  means  of  the  mass  and  thermal  expansion  properties 
of  structural  elements  and  enforced  deformations  of  one-dimensional  structural  elements.  Due 
to  the  great  variety  of  possible  sources  for  dynamic  loading*  general  functional  and  tabular 
forms  of  loads  are  provided  to  the  user  In  dynamic  analysis. 

General  procedures  for  defining  structural  models  are  described  In  the  User's  Manual* 

Section  1.  .Some  useful  and  specific  ideas  for  modeling  using  NASTRAN  are  presented  in  Sections 
18*  19  and  21-26.  The  user  Is  encouraged  to  become  familiar  with  the  many  suggestions  and 
guidelines  presented  in  these  sections.  They  Include  how  to  use  the  special  coordinate  systems* 
how  to  number  grid  points  to  avoid  Inefficient  processing,  what  elements  can  be  used  for  which 
purpose*  how  to  load  and  support  a structure*  and  hew  to  exploit  the  unusual  modeling  features 
of  NASTRAN.  Additional  technical  detail*  of  course,  can  be  found  throughout  the  Theoretical 
Manual . 

NASTRAN  provides  features  for  automatic  Bulk  Data  generation.  A description  of  the  capability 
is  found  In  Section  9.5. 
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9.3  OPTIONS  AND  FORMAT 


OPTIONS  AND  FORMAT 

ORIGINAL  PAGE  IS 


There  are  nearly  two  hundred  Bulk  Data  options  currently  available  In  NASTRAN.  Because 
there  are  so  many  and  varied  alternatives,  these  options  are  summarized  In  the  following  Table  1. 
where  they  are  organized  according  to  data  types  for  easy  reference  by  the  user.  A scan  of 
these  options  will  provide  the  user  with  an  overview  of  his  alternatives  for  model  specification, 
for  load  definition  and  for  control  of  the  execution.  In  the  User's  Manual,  Section  2,  each 
option  Is  listed  In  alphabetical  sort  by  Bulk  Data  Card  mnemonic.  Here,  the  user  will  find 
the  full  description  of  the  Input  card  format,  the  applicable  restrictions,  and  the  referencts 
to  other  Bulk  Data  Cards  required  to  complete  the  Input.  Here  also,  the  user  will  find  which 

a 

Case  Control  option  must  be  used.  If  any,  to  selectively  apply  these  data  to  the  problem  at 
hand. 


Each  category  of  data  found  In  Table  1 Includes  references  to  the  standard  NASTRAN  manuals 
for  the  related  theory  and  application  of  the  Input  shown.  The  order  of  the  categories  was 
selected  to  follow  a natural  sequence  for  model  development.  As  such,  a user  may  use  these  tables 
as  a checklist  to  be  assured  that  he  has  considered  every  aspect  of  his  Input. 

It  should  be  noted  that  some  options  appear  In  more  than  one  category.  This  is  done 
to  help  avoid  overlooking  an  option  that  may  serve  several  purposes. 


Specific  procedures  and  the  formats  for  Bulk  Data  Input  are  clearly  spelled  out  In  the 
^ User's  Manual,  Section  2.4.  Examples  of  many  of  the  Bulk  Data  options  can  be  found  throughout 

this  User's  Guide  where  actual  problems  for  each  of  the  standard  and  special  analysis  capa- 
bilities of  NASTRAN  are  Illustrated  and  explained. 

B 

I To  summarize,  each  Bulk  Data  Card  Is  divided  Into  ten  fields;  each  eight  columns  wide. 

The  first  field  contains  either  the  card  mnemonic  or  the  continuation  code  from  the  preceding 
p card  If  more  than  one  card  Is  required  for  definition  of  the  data.  These  co.it1nuat1on  codes 

must  be  unique  In  order  to  facilitate  the  sorting  of  the  Bulk  Data  Deck.  The  last  seven 
columns  (74-80)  of  field  10  on  each  card  are  used  only  for  specification  of  that  unique  con- 
tinuation code.  The  card  mnemonic  always  starts  In  card  column  1.  The  continuation  code 
from  the  preceding  card  starts  In  card  column  2 with  a In  card  column  1.  Each  of  the  re- 
maining data  entries  to  be  supplied  may  be  placed  without  Imbedded  blanks  anywhere  within  the 
appropriate  field.  These  entries  may  be  Integer,  real,  or  alphanumeric  data. 
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BULK  DATA  DESCRIPTION 

However,  occasionally  aior*  than  «mit>card  colums  are  required  for  the  user  to  specify 
his  data  with  sufficient  accuracy.  In  these  situations,  each  Bulk  Data  Card  May  be  expanded 
to  cover  two  separate  cards  with  16-co1um  fields  for  the  data  entries  (fields  2-9).  Mhen 
this  arrangenent  Is  used,  an  * nust  appear  following  the  card  mnemonic  and/or  In  card  coluavi  1 
of  the  continuation  card. 

The  type  of  data  to  be  expected  In  each  field  Is  checked  by  NASTRAN  on  Input,  and  a 
message  Is  Issued  In  the  event  of  an  error.  To  help  detect  possible  modeling  errors.  NASTRAN 
also  performs  many  other  checks  as  the  input  data  is  used  by  the  program. 
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9.4  USER  MASTER  FILE 

NASTRAN  provides  the  User's  Master  File  (UMF)  capability  to  assist  the  user  In  handling  large, 
(several  boxes  of  cards)  Bulk  Data  Decks  which  are  often  typical  for  NASTRAN  problems.  This  capa- 
bility Is  completely  described  with  examples  In  the  User's  Manual,  Section  2.5.  The  capability  Is 
briefly  summarized  here. 

Prior  to  the  first  run  of  NASTRAN  for  a new  model,  the  entire  Bulk  Data  Deck  mey  be  submitted 
to  create  a User's  Master  File.  On  a subsequent  run,  the  user  may  create  either  a User's  Master 
File  or  a Standard  checkpoint  to  a tape  called  the  New  Problem  Tape  (NPTP)  on  which  will  be  stored 
the  Bulk  Data  Deck  In  sorted  order.  Any  other  subsequent  runs  can  then  be  made  with  the  old  problem 
tape  as  a source  for  that  data  deck.  When  a run  is  a restart  from  a checkpoint,  the  old  checkpoint 

tape,  now  called  the  Old  Problem  Tape  (0PTP),  must  be  provided.  Any  Bulk  Data  cards  submitted  with 

the  restart  run  will  be  added  to  the  old  Bulk  Data  Deck  for  access  during  processing.  If  a check- 
point for  this  run  Is  requested,  another  New  Problem  Tape  will  be  written  on  which  will  be  stored 
the  new,  augmented  Bulk  Data  Deck.  The  UMF  and  gPTP  may  not  be  used  at  the  same  time,  since  the 
bulk  data  would  be  duplicated. 

Thus,  a user  can  add  Bulk  Data  cards  with  each  subsequent  run,  and  he  can  also  delete  cards 
by  Inserting  Bulk  Data  cards  with  a / in  column  one,  followed  by  one  or  two  of  the  sequence  numbers 

assigned  to  each  card  of  the  sorted  Bulk  Data  Deck  from  the  previous  run.  All  cards  in  the  range 

of  these  sequence  numbers  will  be  deleted.  If  only  one  number  is  input,  only  that  Bulk  Data  card 
Is  removed.  These  features  are  also  available  for  editing  and  updating  the  User's  Master  File. 
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9.5  AUTOMATED  DATA  GENERATION 
9.5.1  Utility  Modula  INPUT  Usage 

NASTRAN  provides  a special  utility  module.  INPUT,  for  creating  the  majority  of*Bu1k  Deta 
cards  for  sever  selected  kinds  of  problems.  This  capability  1$  fully  dotcrlbed  In  Section  2.6 
of  the  User's  Manual,  where  examples  ot  its  use  are  found.  A summary  of  the  key  INPUT  features 
Is  provided  here: 


I Ui.H. 


1.  INPUT  allows  the  user  of  NASTRAN  to  generate  the  majority  of  the  bulk  data  cards 
for  a number  of  selected  test  problems  without  having  to  actually  Input  the  physical 
cards  Into  the  Bulk  Data  Deck. 


2.  The  test  problems  for  which  partial  data  are  generated  by  INPUT  are: 

a.  N X N Laplace  Network  from  scalar  elements 

b.  W X L Rectangular  Frame  from  BAR  elements  or  RRO  elements 

c.  W X L Rectangular  Array  of  QUADl  elements 

d.  W X L Rectangular  Array  of  TRIAl  elements 

e.  N • segment  string  from  scalar  elements 

f.  N - cell  beam  made  from  BAR  elements 

g.  N - scai^r  point  full  matrix  with  optional  unit  loading 

h.  N - spoke  wheel  made  from  BAR  elements 


BULK  DATA  DESCRIPTION 


Table  1.  Bulk  Data  Options 

Spatial  Beowetry 

AxisvetHc  Approach  (UH  1.3.7,  1.7.1,  TH  4.1,  5.9) 

C Required  to  define  existence  of  conical  shell  problem 

F Required  to  define  existence  of  fluid  coordinate  system.  Includes  default  para- 

meters 

LOT  Required  to  define  existence  of  acoustic  slot  analysis.  Includes  default  para- 

meters. 

NTAX  Location  on  shell  ring  (conical  shell)  at  which  loads  can  be  applied  and  dis- 

placements are  requested. 

SAX  Ring  for  conical  shell. 

TAX  Sector  of  a conical  shell. 

Coordinate  Systems  (UM  1.2.2,  TM  3.4.1) 

IR  ’ Simple  beam  orientation  and  property  default  for  CBAR. 

Die  Cylindrical  coordinate  system  by  reference  to  (1-1,  three  grid  points,  and  1-2, 

coordinates  of  three  points). 

DIR  Rectangular  coordinate  system  by  reference  to  (1-1,  three  grid  points,  and  1-2, 

coordinates  of  three  points). 

D1S  Spherical  coordinate  system  by  reference  to  (1-1,  three  grid  points,  and  1-2, 

coordinates  of  three  points). 

U1  Redefines  output  coordinate  system  displacement  sets  for . subs tmcturlng. 

IS  Transformation  of  basic  coordinate  systems  for  substructuring. 


Fluid  Points  (UM  1.7.1,  TM  16.1.1) 

^PT  Fluid  surface  points  for  recovery  of  displacements. 

1ST  Declares  fluid  points  (RINGFL)  which  lie  on  free  surface  tio^jedary. 

)6-  Grid  location  on  RINGFL  for  structure  boundary. 

)F  Scalar  degree  of  freedom  for  acoustic  analysis  of  a fluid. 

K Scalar  degree  of  freedom  on  acoustic  slots. 

»PT  Pressure  points  for  data  recovery  In  fluid  analyses. 

■FL  Circle  (fluid  point)  In  fluid  model. 

IT  List  of  slot  points  (GRIDS)  on  Interface  between  fluid  and  radial  slots. 
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* 

Table  1.  Bulk  Data  Options  (cont'd) 


A.  Spatial  Geometry  (cont'd) 

Grid  Points  (UM  1.1,  1.2,  TH  3.1) 

GRID  Grid  point  location,  direction  of  displacement  and  constraints. 

GRIDS  Alternate  GRID  definition  for  hydroelastic  analysis. 

6RDSET  Default  options  for  all  GRID  cards. 

SEQGP  Grid  and  scalar  point  number  resequencing . 

Scalar  Points  (UM  1.1,  TM  3.1,  14.2) 

EPflNT  Extra  points  defined  for  dynamics. 

SEQEP  Extra  point  number  resequencing. 

GRIOF  Scalar  degree  of  freedom  for  acoustic  fluid  analysis. 

GRIDS  Scalar  degree  of  freedom  on  acoustic  slot  boundary. 

SPfINT  Scalar  points  defined. 

SEQGP  Grid  and  scalar  point  number  resequencing. 

Aerodynamics  (UM  1.11,  TM  17.0) 

AEFACT  Aerodynamic  Spanwise  Divisions. 

AERB  Aerodynamic  Physical  Data. 

B.  Element  and  Properties 

Axlsyiwnetrlc  (UM  1.3.7.  1.7.1.  TM  4.1.  5.9) 

AXIC  Required  to  define  existence  of  conical  shell  problems. 

CCfNEAX  Conclal  shell  element  connection. 

PCfNEAX  Conclal  shell  property. 

CTIRORG  Toroidal  ring  element  condition. 

PTfRORG  Toroidal  ring  property. 

CTRAPRG  Trapezoidal  ring  element  connection  and  property  • axlsymmetrlc  response. 

CTRIARG  Triangular  ring  element  connection  and  property  • axisymaetric  response. 

OMIAX  Direct  matrix  Input  for  axlsjmnetrlc  problems. 

CTRAPAX  Trapezoidal  ring  element  connection  and  property  - nonaxlsyimetrlc  response. 

CTRIAAX  Triangular  ring  element  connection  and  property  - nonaxlsyimetrlc  response. 
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BULK  DATA  DESCRIPTION 
Table  1.  Bulk  Data  Options  (cont'd) 

B.  Elewent  and  Properties  (cont’d) 

Duiwny  (UM  1.3.1,  TM  5.1)  | 

Attributes  for  0CUM1  AMD  PDUH1  dummy  elements  (for  user-defined  element  types  | 

1*1  thru  9).  i 

I 

Dummy  element  connection.  | 

Dummy  element  property.  i 

Dummy  element  definition  (for  plotting  only).  | 


A0UH1 

CDUM1 

poimi 

PLBTEL 


Fluid  (UM  1.7.1,  TM  16.1.4) 


AXIF 

AXSL0T 

CAXF1 

CFLUI01 

CSL0T1 


Required  to  define  existence  of  fluid  analysis  and  default  parameters. 

Required  to  define  existence  of  ax 1 symmetric  slot  analysis  and  default  para- 
meters . 

Fluid  .•‘lement  connection  1»2,  3 or  4 fluid  points  In  an  acoustic  slot  analysis. 

Fluid  element  connection  for  axlsymmetrlc  fluid  (for  user-defined  fluid  points 
1*2,  3 or  4). 

Slot  element  connecting  1*3  or  1-4  GRIDS  points  for  evenly  spaced  radial  slots. 


General  (UM  1.3.1,  TM  5.7) 

CNGRNT  Indicates  Identical  elements  to  another  specified  primary  element. 

GENEL  General  element  In  terms  of  Its  transformation  matrices. 

C0NM1  Concentrated  mass  element  connection  (1*1  for  mass  matrix,  or  1*2  for  offset 
mass  Inertia  properties). 

Line  (UM  1.3.2,  TM  5.2) 

CBAR  Simple  beam  element  connection. 

PBAR  Simple  beam  property. 

BAR0R  Simple  beam  orientation  default  for  CBAR. 

CINR0D  Rod  element  property  and  connection. 

CRfD  Rod  tension-compression- torsion  element  connection. 

PR0D  Rod  element  property. 

CTUBE  Tube  tenslon-compresslon-torslon  element  connection. 

PTUBE  Tube  element  property. 

CVISC  Viscous  damping  connection,  extenslonal  and  rotational. 

PVISC  Viscous  damper  property,  extenslonal  and  rotational. 


9.5-4 


i 


1 

\ 

i 

1 


1 


AUTOMMEf)  DATA  GENERATION 
Table  1.  Bulk  Data  Options  (cont'd) 


a.  Elewewt  and  Properties  (confdl 


Plate  (UM  1.3.5,  TM  5.8) 


CQUCM 

PQOHEN 

CQOPLT 

PQOPLT 

CqUAOl 


PqUAOl 


CSHEAR 

PSHEAR 

CTRBSC 

PTRBSC 

CTRPLTl 

PTRPLTl 

QRIA1 


PTRIA1 


CTRMEM 

PTRMEM 

CTRIM6 

PTRIM6 

CTRPLT 

PTRPLT 

CTNIST 

PTNIST 


Quadrilateral  meiid>rane  element  connection. 

Quadrilateral  membrane  element  property. 

Quadrilateral  bending  element  connection. 

Quadrilateral  bending  element  property. 

Quadrilateral  me«*>rane  and  bending  element  connection  (1-1  for  general  and  1-2 
for  homogeneous  behavior). 

Quadrilateral  membrane  and  bending  element  property  (1-1  for  general  and  1-2 
for  homogeneous  properties). 

Shear  panel  element  connection. 

Shear  panel  property. 

Basic  triangular  bending  element  connection. 

Basic  triangular  bending  element  property. 

Higher  order  triangular  plate  element  connection. 

Higher  order  triangular  plate  element  property. 

Triangular  membrane  and  bending  element  connection  (1-1  for  general  and  1*2 
for  homogeneous  behavior). 

Triangular  membrane  and  bending  element  property  (1-1  for  general  and  1-2  for 
homogeneous  properties). 

Triangular  membrane  element  connection. 

Triangular  membrane  element  connection. 

Higher  order  triangular  membrane  element  connection. 

Higher  order  triangular  membrane  element  property. 

Triangular  bending  element  (TRPLT)  connection. 

Triangular  bending  element  (TRPLT)  property. 


Twist  panel  element  connection. 
Twist  panel  property. 
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BULK  DATA  DESCRIPTION 
Ttbit  1.  Bulk  Data  Options  (cont'd) 
B.  Elawant  and  Propartlas  (cont*d) 


I 
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Rigid  Connactors  (UM  1.4.2,  in  3.5.1) 


NPC 

NPCS 

HPCAOO 

CINCT 

CBNCTl 

CRIGDR 

CRIGOI 

CRI602 

CRIG03 

CYJflN 

RELES 


Equations  of  constraint  which  way  ba  usad  to  slmilata  a rigid  alaaont. 
Multipoint  constraints  for  substructuring. 

Union  of  multipoint  constraint  sats  definad  by  MPC  cards. 
Substructuring  connactivltlas 
Substructuring  connactivltlas 
Rigid  rod  alamant. 

Rigid  alamant  for  6 DOF. 

Rigid  alamant  for  selectad  OOF. 

Ganaral  rigid  alamant. 

Connactivltlas  for  cyclic  symmatry  models. 

Ralaasas  rigid  connections  for  substructuring. 


Scalar  (UM  1.3.8,  TM  5.6) 

COaMP'l  Scalar  viscous  damper  connection  (1»2  or  4 without  rafaranca  to  property). 

PDAMP  Scalar  viscous  damper  property. 

CELAS1  Scalar  spring  connection  (1«2  or  4 without  rafaranca  to  property). 

PELAS  Scalar  spring  property. 

CMASSI  Scalar  mass  connection  (1“2  or  4 without  rafaranca  to  property). 

PMASS  Scalar  mass  property. 

CBNM1  Concentrated  mass  alamant  connection  (1»1  for  mass  matrix,  or  1«2  for  offset 

mass  Inertia  properties). 

Cvisc  Viscous  damping  connection,  axtanslonal  and  rotational. 

PVISC  Viscous  damper  property,  axtanslonal  and  rotational. 


Solid  (UM  1.3.9,  TM  5.12) 

CHEXA1  Hexahedron  constant  strain  element  connection  (1»1  uses  5 tatrahadra,  1*2  uses 

10  overlapping  tatrahadra). 

CIHCXI  Isoparametric  solid  hexahedron  alamant  connections  (1*1  for  linear,  1*2  for 

quadratic,  and  1-3  for  cubic  functions). 
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Table  1.  Bulk  Data  Options  (cont'd) 


B.  Element  and  Properties  (cont'd] 


Solid  (cont'd) 


PIHEX  Isoparametric  solid  hexahedron  element  property. 

CTETRA  Tetrahedron  constant  strain  element  connection. 

CUEDGE  Wedge  constant  strain  element  connection. 

Surface  Heat  (UM  1.8.3,  TM  8.3) 

CNBDY  Heat  convection  boundary  for  steady*state  heat  condition. 


C.  Materials 


Anistropic  (UM  1.3.1,  TM  4.2) 


MAT2  Anisotropic  material  properties. 

MATT2  Temperature-dependent  table  references  for  MAT2  properties. 

MAT3  Orthotropic  material  properties. 

MATT3  Temperature-depenuent  table  references  for  MAT3  properties. 

MATS  Anisotropic  thermal  material  properties. 

MATTS  Temperature-dependent  table  references  for  thermal  conductivity  matrix  (NATS). 

Flujd  (UM  1.7,  TM  16.1.1) 

AXIF  Defines  default  parameters  and  existence  of  fluid  analysis. 

AXSLOT  Default  parameters  and  the  existence  of  axisymmetric  slot  analysis. 

BOYLIST  Fluid  mass  density  at  fluid  boundary. 

CFLUIDi  Fluid  mass  density  and  bulk  modulus. 

CSL0T1  Slot  fluid  element  mass  density  and  bulk  modulus. 

FSLIST  Fluid  mass  density  at  free  surface. 

SLBOY  Fluid  mass  density  at  boundary  between  axisymnetric  fluid  and  evenly  spaced 

radial  slots. 


Isotrobic  (UM  1.3.1,  TM  4.2) 


Isotropic  material  properties. 

Temperature-dependent  table  references  for  MATl  properties. 

Temperature-dependent  table  reference  for  thermal  conductivity  or  convective 
film  coefficient  (NAT4). 
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Table  1.  Bulk  Data  Options  (cont'd) 

C.  Materials  (cont'd) 

Stress  Dependent  (UM  1.3.1,  TM  3.8.1) 

HATSI  Stress -dependent  table  references  for  MAT1  properties. 

TABLESl  Tabular  stress-strain  function  referenced  by  MATSl. 

Temperature  Dependent  (UH  1.8.3) 

(VMT1  Table  references  for  MAT1  type  material  and  thermal  properties  (1-1,  4 for  Iso- 

tropic, 1-2,  3,  5 for  anisotropic). 

TABLEH1  Tabular  function  for  generating  material  properties  and  parameter  data  (1-1 

thru  4 for  specific  algorithm) 

TEMP  Grid  point  temperature  field. 

TEMPO  Grid  point  temperature  field  default. 

TEMPAX  Temperature  sets  for  conical  shell  problem. 

TEMPP1  Plate  element  temperature  field  (1-1  Includes  gradient,  1-2  Incites  thermal 

moments,  and  1-3  Includes  tabular  description  over  cross  section). 

TEMPRB  Temperature  field  for  line  elements. 

n.  Constraints  and  Partitioning 

Fluid  Boundary  (UM  1.7.2,  TM  16.1.3) 

BOYLIST  Defines  boundary  (RINGFL  points)  between  fluid  and  structure. 

FLSYM  Axisymmetric  synEwtry  control. 

FSLIST  Required  to  define  fluid  points  which  lie  on  free  surface. 

SLBOY  List  of  slot  points  (GRIDS)  between  fluid  and  radial  slots. 

Heat  Boundary  (UM  1.8.3,  TM  8.3) 

CHBDY  Heat  convection  boundary  element  for  steady-state  best  condition. 

Multipoint  Constraints  (UM  1.4.2,  TM  3.5.1) 

MPC  Defines  linearly  dependent  constraint  relations  between  displacements. 

MPCAOO  Union  of  multipoint  constraint  sets  defined  by  MPC  cards. 

MPCAX  Required  to  define  MPC-type  relations  for  conical  shell  coordinates. 


1 


AUlUMAItU  OAIA  (ittttKAIiON 

T«ble  1.  Bulk  Data  Options  (cont'd) 


P.  Constraints  and  Partitioning  (cont'd) 
Partitioning  (UM  1.4.4,  TH  3.5.3) 


BHITAX 


Defines  Independent  degrees  of  freedom  to  be  placed  In  analysis  set. 

Defines  Independent  degrees  of  freedom  to  be  placed  In  analyses  set. 

Defines  boundary  sets  with  substructuring 

Defines  boundary  sets  with  substructuring. 

of  fr«<»  frc»  analysis  set  trainees  ine«.»«tot  -eenees 

of  freedom). 

Defines  degrees  of  freedom  omitted  from  analysis  set  (reduces  Independent 
degrees  of  freedom). 

Omitteu  conical  shell  degrees  of  freedom. 


Rigid  Body  ktotlon  Constraints,  (UH  1.4.3,  TM  3.5.5) 


SUPAX 


SUPBRT 


GRIDB 

6R0SFT 


SPCADO 


Conclal  shell  fictitious  supports  for  determinate  reactions  for  free  body 
analysis • 

Fictitious  supports  for  determinate  reactions  applied  to  free  body  analysis, 

qle-PoInt  Constraints  (UM  1.4.1,  TM  3.5.2) 

Grid  point  location,  direction  of  displacement  and  constraints. 

Grid  location  on  RIM6FL  for  fluid  boundary  and  constraints. 

Default  options  for  all  GRID  cards. 

Defines  slngle-po^nt  constraints  and  enforced  displacements. 

Defines  sets  of  single-point  constraints. 

union  of  singular  point  constraint  sets  defined  by  SPC  and  SPCl  cards. 
Defines  slngle-polnt  constraints  for  conical  shell  coordinates. 

Defines  single-point  constraints  with  substructuring. 

Defines  single-point  constraints  with  substructuring. 

Defines  enforced  displacements. 

Defines  enforced  displacements  with  substructuring. 
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Table  1.  Bulk  Data  Options  (cont'd) 


Cowblwatlons  (UN  1.5.1.  TH  11.1) 

•*0  Linear  combination  of  dynamic  load  sets. 

^ '"“I  «ts  (.xc«t  t«wr.t.r,  dtsplK*., 

«:  Linear  combination  of  load  sets  with  substructuring. 

9fflSalc  (UM  1.52,  1.53,  TH  11.1,  12.1) 

^ Dynamic  load  scale  factor  and  grid  point  location. 

»T  Dynamic  load  function  time  delay  and  grid  point  location. 

Linear  combination  of  dynamic  load  sets. 

Dynamic  load  function  phase  lead  term  9 (theta). 

■"  FluM  pr,sM,r.  kIM  tocatlo,,  f„  output  aod  cortrol  a„lc«. 

« FraUU-tc,  0.p.uu«t  t.!f  .« 

T>  Futocorrelatloi.  function  tit*  lag  tor  ranOoai  analysis. 

m>  Tabular  function  of  p««r  sp«tr.l  Oonslt,  .orsus  fraguonc,  for  ran*,  analysis 

« Frjjuancy  dapandant  dyna.lc  loads  for  fraguancy  rasponsa  (1-1 . y *,l„.y 

""  SJ“wl'"c'*XJ?Jl.2r’*'"’  'oaK.  (1-1  thru  4 

" Tla,.*pan*,t  dyna.lt  load  for  translant  rasponsa  (LI,  2 for  fu«t1on  ty*). 

Tla.  stop  Intaruals  for  soluti*  and  output  In  translant  analysis. 

>s  Dynamic  load  scale  factor  with  substructuring. 

S Dynamic  load  function  time  delay  with  substructuring. 

« Dynamic  load  function  phase  lead  term  with  substructuring. 
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Table  1.  Bulk  Data  Options  (cont'd) 


E.  Loads  (cont'd) 

Heat  Transfer  (UN  1.5,  TH  8.0) 

QHBOY  Thennal  load  at  boundary  for  steady-state  heat  conduction. 

Q8DY1  Uniform  heat  flux  Into  IttDY  elements. 

QB0Y2  Distributed  heat  flux  Into  H80Y  elements. 

QVECT  Vector  heat  flux  Into  H60Y  elements. 

qVBL  Heat  flux  per  volume  generated  by  elements. 

PLBA03  Uniform  static  pressure  on  surface  of  hexahedron  element. 

TENP  Grid  point  temperature  field. 

TENPO  Grid  point  temperature  field  default. 

TENPAX  Temperature  sets  for  conical  shell  problem. 

TENPP1  Plate  element  temperature  field  (only  average  temperature  used  for  heat  transfer 

analysis). 

TENPRB  Temperature  field  for  line  elements  (only  average  grid  point  temperature  used 

for  heat  transfer  analysis). 


Static  (UH  1.5.1,  Til  3.6) 

DEFBRM  Envorced  axial  deformation  for  line  elements. 

DSFACT  Defines  scale  factors  for  loads  and  stiffness  matrices  In  differential  stiff- 

ness analysis. 

FfRCE  Force  load  specified  at  grid  point  by  vector. 

FBRCE1  Force  load  specified  at  grid  point  (1-1,  two  grid  points,  or  1-2,  four  grid  . 

points) 

FORCEAX  Force  loading  on  an  axlsynnetrlc  ring. 

GRAY  Gravity  vector  definition  (uses  mass  matrix). 

LfAO  Linear  combination  of  sUtl*;  load  sets  (not  Including  thermal  or  deformation 

loadings). 

NINAX  Moment  specified  on  an  axlsymaetrlc  ring. 

NfNENTI  Moment  specified  at  grid  point  (1-1,  tuo  grid  points,  or  1-2,  four  grid  points) 

PLFACT  Defines  scale  factors  for  load  Increments  In  piecewise  linear  analysis. 

PLfAO  Defines  a static  pressu<^  load  on  an  area. 

PLBA02  Defines  a pressure  load  applied  to  tuo-dlmenslonal  (plate)  elements. 

PltA03  Uniform  static  pressure  on  surface  of  hexahedron  element. 
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Table  1.  Bulk  Data  Options  (cont'd) 


E.  Loads  (cont'd) 

Static  (cont'd) 

P0INTAX  Defines  location  on  axlsymnetrlc  conical  shell  ring  (RIN6AX)  at  which  loads 

may  be  applied. 

PRESAX  Defines  pressure  loading  of  conical  shell  element. 

RFBRCE  Static  loading  condition  due  to  centrifugal  force  field. 

SLBAD  Defines  static  loads  on  scalar  points. 

TEMP  Grid  point  temperature  field. 

TEMPO  Grid  point  temperature  field  default. 

TEMPAX  • Temperature  sets  for  conical  shell  problems. 

TEMPP1  Plate  element  temperature  field  (1-1  Includes  gradient,  1«2  Includes  thermal 

moment,  and  1»3  Includes  tabular  description  of  temperature  over  cross  section). 

TEMPRB  Temperature  field  for  line  elements  including  gradient. 


Methods 


Buckling  (TM  10.3,  10.4) 

EIGB  Required  data  for  eigenvalue  extraction  for  buckling  analysis. 

Control  Systems  (TM  1.4.2) 

TF  Dynamic  transfer  function  as  equation  or  direct  matrix  Input. 

Differential  Stiffness  (TM  7.1) 

DSFACT  Define  scale  factors  for  applied  loads  and  stiffness  matrices  In  differential 

stiffness  approach. 

Eigenvalue  (TM  10.0) 

EIGC  Data  required  to  perform  complex  eigenvalue  analysis. 

EI6P  Defines  poles  used  In  complex  eigenvalue  analysis. 

E16R  Data  required  to  perform  real  eigenvalue  analysis. 

TABDMP1  Tabular  function  of  structural  damping  versus  frequency  for  modal  formulations 

only. 

Frequency  Response  (TM  12.1) 

FREQ  Set  of  frequencies  used  in  frequency  response  analysis. 

FREQl  Set  of  frequencies  specified  by  starting  frequency,  increment,  and  number  of 

increments  desired. 

FREQ2  Set  of  frequencies  specified  by  starting  frequency,  final  frequency,  and  number 

of  logrithmic  Incriments  desired. 
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Table  1.  Bulk  Data' Options  (cont'd) 


F.  Methods  (cont’d) 

Freouency  Response  (cont’d) 

TABDMP1  Tabular  function  of  structural  damping  versus  frequency  for  modal  formulations 

only. 

Hvdroelastic  (UN  1.7,  TM  16.1,  16.2) 

FREEPT  Location  of  fluid  free  surface  points  for  displacement  recovery. 

AXSL0T  Required  to  define  existence  of  axlsymnetrlc  slot  analysis  and  default  para- 

meters. 

Piecewise  Linear  (TM  3.8) 

PLFACT  Required  to  define  scale  factors  for  load  Increments  In  piecewise  linear  analysis. 

Random  Response  (TM  12.2) 

PANDPS  Frequency  dependent  self  and  cross-power  spectral  density  factors  of  load  sets. 

PANOTI  Autocorrelation  function  time  lag  for  random  analysis. 

TABRND1  Tabular  function  of  power  spectral  density  versus  frequency  for  random  analysis. 

Transient  Response  (UM  1.6,  TM  11.0) 

TAB0MP1  Tabular  function  of  power  spectral  density  versus  frequency  and  modal  formulations 

only. 

TIC  Initial  conditions  for  both  displacement  and  velocity  for  direct  formulations 

only. 

TSTEP  Time  step  intervals  used  in  transient  analysis  solution. 

TICS  Initial  conditions  for  both  displacement  and  velocity  for  substructuring  (RF  8 

and  9 only). 

Aerodynamics  (UM  1.11,  TM  17.0) 


FLUTTER 

Aerodynamic  Flutter  Data. 

MKAER01 

Mach  Number  - Frequency  Tables. 

FLFACT 

Aerodynamic  Physical  Data. 

G.  Miscellaneous 

Comment  (UM  2.4.2) 

$ For  Inserting  commentary  material  Into  unsorted  echo  deck. 

Delete  (UM  2.4.2) 

For  reitoving  cards  from  either  Old  Problem  Tape  or  the  User's  Master 
File. 
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Table  1.  Bulk  Data  Options  (cont'd) 


6.  Miscellaneous  (cont'd) 


Direct  Matrix  Input 
C9NM1 


Concentrated  mass  element  connection  (1»1  for  mass  matrix,  1«2  for  offset  mass 
Inertia  properties). 


DNI 

DMI6 

DNIAX 

TF 


User-defined  direct  matrix  input,  real  or  complex  (general). 

User-defined  direct  structural  matrix  input,  real  or  complex  at  grid  points. 
Axisynmetric  related  user-defined  direct  matrix  input  (fluid  or  structural). 
Direct  matrix  input  for  dynamic  transfer  function. 

Output  Control 


FREEPT 

PL»TEL 

P0INTAX 


Location  of  free  surface  fluid  points  for  displacement  recovery. 
Duality  element  definition  for  plotting  purposes  only. 


Defines  location  on  axisymmetric  conical  shell  ring  (RINGAX)  for  recovery  of 
displacements.  ^ 


PRESPT 

TSTEP 


Pressure  point  on  RINGFL  for  pressure  data  recovery  in  fluid. 


Time  step  intervals  for  which  solutions  and  output  quantities  to  transient 
analysis  are  desired. 


Parameters  (UM  3.1.5) 

PARAM  Specifies  parameter  values  used  in  DMAP  sequences  (including  rigid  fonnats). 

Resequencino  (UM  1.2.2) 

SEQEP  Resequences  extra  point  numbering  to  optimize  bandwidth. 

SEQGP  Resequences  grid  and  scalar  point  numbering  to  optimize  bandwidth. 

Tabular  Input  (UM  1.8.3) 


DTI 

TABOMPl 

TABLED! 


Input  table  data  blocks  directly. 

Tabular  function  of  structural  damping  versus  frequency. 


Tabular  function  for  generating  frequency  or  time-dependent  loads  (user  prescribes 
i«1  thru  4 for  specific  algorithm). 


TABLEMi 


Tabular  function  for  temperature-dependent  material  properties  and  parametric 
i*l  thru  4 for  specific  algorithm). 


TABLES! 

TA8RND1 


data  (user  prescribes 
Tabular  stress-strain  function  referenced  by  MATS1  card. 
Tabular  function  of  power  spectral  density  versus  frequency. 
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10.1  INTRODUCTION 


10.  PRINTIN6  AND  PLOTTING  FEATURES 


The  possible  options  for  printing  and/or  plotting  the  results  obtained  with  NASTRAM  are  many 
and  varied.  In  most  cases  the  labeling  of  this  output  Is  self-explanatory,  or  It  Is  deductively 
obvious.  In  spite  of  the  wide  variety  of  possible  output,  certain  unlfoimlty  has  been  provided 
to  expedite  Its  Interpretation.  This  section,  therefore.  Illustrates  only  the  characteristic 
sets  of  output  and  some  of  the  less  obvious  Interpretations,  where  necessary. 

The  types  of  NASTRAM  printed  output  may  be  subdivided  Into  five  general  categories:  (1)  In 

put  echo,  (2)  error  messages,  (3)  substructure  control  requests,  (4)  case  control  requests  and 
(5)  miscellaneous.  The  last  category  Itself  may  be  segregated  Into  special  output  requests 
controlled  other  than  from  case  control  and  automatic  output.  The  location  of  this  output  will 
vary  with  the  sequence  of  operations  performed  by  NASTRAN,  and  some  will  v«ry  with  the  particu- 
lar computer  system  being  used.  Each  of  these  output  categories  will  be  discussed  In  the  sec- 

tions  that  follow. 
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INPUT  DATA  ECHO  AND  DIAGNOSIS 
10.2  INPUT  DATA  ECHO  AND  DIAGNOSIS 


The  Input  data  to  NASTRAN  undergoes  extensive  checking,  rearranging,  and  numerical  processing 
in  the  initial  phases  of  execution.  The  Executive  Control  Deck,  the  Substructure  Control  Deck, 
the  Case  Control  Deck,  the  Bulk  Data  Deck,  and  the  DMAP  sequence  are  processed  in  five  phases, 
each  phase  having  its  own  procedure  for  processing  and  diagnosis. 

The  Executive  Control  Deck  is  printed  as  shown  in  Figure  1 on  every  execution  of  NASTRAN, 
exactly  as  it  is  input  on  cards,  except  when  approach  DMAP  is  used.  In  this  case,  the  DMAP  deck 
is  echoed  later.  Diagnostic  messages,  if  any,  follow  the  printout  of  each  data  card. 

The  Substructure  Control  Deck  printout  (if  substructuring  is  used)  is  shown  in  Figure  2 
The  deck  is  reproduced  exactly  as  input,  and  diagnostic  messages,  if  any,  follow  the  printout 
of  each  data  card.  An  echo  of  the  automatically  generated  DMAP  alters  may  be  requested  by 
DIAG  23  in  the  Executive  Control  Deck.  This  echo  will  follow  immediately  and  precede  the  Case 
Control  Deck  echo  described  next. 

The  Case  Control  Deck  printout  is  shown  in  Figure  3.  All  input  cards  are  printed  with  no 
modifications.  The  diagnostic  messages  deal  primarily  with  proper  data  format.  In  certain 
levels  of  NASTRAN,  a complete  list  of  all  legal  case  control  requests  ai?  printed  if  the  user 

misspells  a request.  The  plot  control  cards,  a subset  of  the  Case  Control  Deck,  are  processed  in 
a similar  manner. 


The  Bulk  Data  Deck  may  be  printed  in  two  forms,  depending  on  the  ECH0  option  selected.  The 
unsorted  bulk  data  echo  option  (Figure  4)  is  an  unprocessed  printout  ot  the  input  Bulk  Data  Deck. 
On  a restart  from  a previous  run,  only  the  new  cards  and  deletion  caro  are  printed  along  with 
a sorted  echo  of  the  modified  Bulk  Data  Deck,  including  these  new  cards  that  were  added. 

The  default  printout  is  a sorted  echo  (Figure  5)  of  all  the  bulk  data  cards  to  be  used  in 
the  computer  run.  They  are  arranged  in  alphabetical  and  numerical  order.  All  entries  in  fields 
2-9  are  shifted  and  left-justified  by  NASTRAN  for  proper  alignment  to  facilitate  the  sorting. 

The  continuation  cards  are  printed  following  the  parent  card.  Mo  comment  cards  are  printed  in 
the  sorted  echo.  Each  card  is  assigned  a sequence  number  on  the  left-hand  side  to  allow  for  modi- 
fication of  the  Bulk  Data  Deck  on  restart  from  a checkpoint. 


The  diagnostics  are  printed  with  the  sorted  bulk  data  echo.  If  errors  occurred  in  the  data 
format,  the  card  containing  the  effor  is  identified  as  shown  in  Figure  5.  For  some  errors  it  is 
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printed  egaln,  end  the  specific  data  field  containing  the  error  1$  underlined.  The  Bulk  Data 
Deck  1$  processed  one  card  at  a tine,  and  errors  occurring  from  a combination  of  different  data 
cards  may  not  be  detected  at  the  sane  tine. 

Following  the  bulk  data  echo  Is  the  DMAP  compiler  source  listing  (UM  3.2  to  3.20)  If  reques- 
ted by  OIAG  14  In  the  Executive  Control  Deck.  In  normal  structural  analyses,  this  Is  a listing 
of  the  Rigid  Format  selected  In  the  Executive  Control  Deck.  This  listing  will  Include  any  user- 
supplied  JWP  alters  and  alters  created  by  NASTRAN  for  automated  substructuring.  If  used  (see 
Figure  6).  Section  3 of  the  User's  Manual  describes  the  Rigid  Fonnats.  and  Section  5 of  the  User*s 
Manual  describes  the  details  of  the  flMAP  language. 

A special  procedure  Is  used  on  a restart  from  a previous  run.  The  OMAP  operations  to  be 
executed  on  restart  are  Identified  with  an  asterisk  (*).  Immediately  preceding  the  OWIP  listing 
Is  a summary  of  modified  bulk  data  cards  by  data  card  name.  Also,  the  types  of  data  which  are 
to  be  modified  are  marked  with  a dollar  sign  ($).  Only  those  users  who  are  Interested  In  the 
mathematical  operations  performed  during  a restart  need  to  be  concerned  with  these  details. 
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user-requested  DIA6N0STIC  MESSAGES 
10.3  USER-REQUESTED  DIAGNOSTIC  MESSAGES 

» 

Th€  0IA6  card  in  tht  Executive  Control  Deck  is  a convenient  tool  for  printing  Information  on 
the  status  of  a RASTRAN  run.  More  than  thirty  diagnostic  requests  are  available.  For  example, 
tbe  DIAG  card  Is  used  to  i.lnt  matrix  trailers,  the  contents  of  certain  arrays  and  tables.  OMAP 
statements,  etc.  The  method  of  requesting  this  type  of  print  Is  Illustrated  In  Figure  1 where 
eight  DIAG  numbers  are  specified.  The  Information  obtained  In  an  unsuccessful  run  may  be  used  to 
locate  an  area  where  there  may  be  a program  error  or  an  engineering  modeling  error.  A few  of  the 
more  conwon  requests  are  discussed  and  Illustrated  below- 

DIAG  8 prints  the  trailers  of  matrix  and  table  data  blocks.  The  six  words  describe  the  di- 
mensions. form,  type  and  density  of  a matrix,  but  may  not  contain  relevant  Information  for  a 
table.  Shown  below  Is  an  example  and  a description  of  each  Item  In  a matrix  trailer. 

•**  DIAG  8 MESSAGE  - TRAILER  F»R  DATA  BLGCK  SCRATCH4  • 9 8 6 1 4 4861 


MATRIX  NAME 

m 

SCRATCH4 

N0.  0F  CGLUMNS 

m 

9 

NG.  0F  R9US 

m 

8 

MATRIX  F0RM 

m 

6 

MATRIX  ’’YPE 

m 

1 

MAXIMUM  N0.  0F  TERMS  IN  ANY  C0LUW 

■m 

4 

MATRIX  DENSITY 

m 

.4861  (■ 

A complete  discussion  of  data  block  trailers.  Including  definitions  of  matrix  form  and  type 
Is  presented  in  the  Programmer's  Manual,  Section  ?.2. 

DIAG  13  prints  In  the  dayflle  the  current  length  of  open  core  each  time  the  calculation 
routine  Is  called  throughout  the  NASTRAN  execution.  The  length  Is  given  In  both  octal  and  deci- 
mal  numbers.  An  example  Is  shown  In  Figure  7. 

DIAG  14  prints  the  OMAP  statements  for  the  Rigid  Format  selected.  The  beginning  of  the 
Rigid  Format  1 listing  is  presented  in  Figure  6. 

DIAG  15  displays  in  the  dayflle  the  GIN#  open  and  close  operations  for  subroutines,  data 
blocks,  and  scratch  files.  The  numbers  from  0 to  3 shown  to  the  right  of  the  open  and  close 
statements  In  Figure  7 are  the  codes  which  Indicate  file  conditions  (read,  write,  rewind,  end 
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of  file).  The  codes  are  described  in  Section  3.4  of  the  Prog^'anmer's  Manuel. 

* DIAG  19  prints  data  used  by  NASTRAN  to  determine  which  of  three  methods  will  be  most  effi- 
cient for  notrix  multiply  and  add  or  triple  multiply  (see  Figure  8). 

DIAG  21  provides  a table  showing  the  vector  sets  to  which  each  degree  of  freedom  of  grid, 
scalar,  and  extra  points  belong.  Such  a table  is  illustrated  in  Figure  9. 

DIAG  22  provides  as  many  as  five  tables  showing  the  assignment  of  degrees  of  freedom  of  grid, 

scalar,  and  extra  points  to  Analysis,  Omit,  SPC,  and  MPC  sets.  One  type  of  table  is  shown  in 

Figure  10. 

DIAG  23  prints  a listing  of  the  DMAP  alters  generated  du.Mng  an  automated  multistage  sub- 
structurlr.g  run.  The  first  part  of  a typical  listing  is  shown  in  Figure  11. 


ERROR  AND  WARNING  MESSAGES 

10.4  ERROR  AND  WARNING  MESSAGES  ORlQiNAL  PAGE  IS 

OF  POOR  QUALITY 

The  NASTRAN  system  will  automatically  print  out  messages  to  the  user  for  several  reasons: 
user  information  messages,  user  warning  and  fatal  messages,  and  system  error  messages.  Most  of 
these  messages  are  listed  with  a brief  description  in  Section  6 of  the  User's  Manual.  Each  mes- 
sage is  given  a number  and  may  refer  to  a specific  data  Iten,  mathematical  operation,  or  internal 
operation.  Fatal  messages  will  cause  the  program  to  exit. 

Of  specific  user  interest  are  the  user  information  messages  which  provide  data  regarding  the 
performance  of  a particular  job.  User  information  messages  3023  through  3028  provide  data  on  the 
matrix  decomposition.  These  include  such  data  as  the  semi -bandwidth  (B),  the  active  columns  (C), 
the  number  of  columns  held  in  core  (R),  and  the  estimated  CPU  running  time  in  seconds.  Message 
number  3035  prints  out  the  error  ratio  for  a solution.  Message  number  2073  prints  the  method 
selected  for  a matrix  multiply  operation.  These  messages  aid  the  user  in  detecting  problems  with 
running  time  and  accuracy. 

Another  type  of  message  is  the  warning  of  gridpoint  singularities  (Figure  12)  which  provides 
useful  information.  This  printout  lists  the  grid  points  which  have  a possible  singularity  in  the 
stiffness  matrix.  The  number  of  singularities  and  the  specific  unconstrained  degrees  of  freedom 
(gridpoint  displacements  or  rotations)  are  listed  In  the  order  that  they  are  detected.  This  is 
only  a warning  message  and  may  not  be  significant  in  certain  special  cases. 


CASE  CONTROL  DECK  OUTPUT  CONTROL 
10.5  CASE  CONTROL  DECK  OUTPUT  CONTROL 

Th«  output  data  processing  for  presentation  of  results  Is  pe'-fomred  by  HASTRAN  with  a single, 
general  purpose  routine  which  prints  titles,  labels,  column  headings,  and  the  numerical  results. 

It  Is  therefore  obvious  that  many  types  of  data  will  share  similar  fonnats  and  have  the  same 
general  appearance. 

The  Case  Control  Intput  contains  specifications  for  the  type  and  contents  of  printout  (U6  8). 
Each  output  request  defines  a physical  type  of  variable  and  specifies  a set  of  points  or  elements 
to  which  the  request  applies.  Options  are  available  to  print  out  the  results  of  a dynamic  analy- 
sis In  either  of  two  types  of  sort.  The  default  option,  S0RT1,  will  print  the  results  for  all 
points  or  elements  for  each  time  step  or  frequency  (Figure  13).  S0RT2  will  print  the  results 
for  each  point  or  element  for  all  time  steps  or  frequencies  (Figure  14). 

In  certain  dynamic  problems  (Figure  13)  for  Complex  Eigenvalues  or  Frequency  Response,  the 
output  consists  of  complex  numbers.  The  user  has  the  option  of  specifying  that  the  output  be 
printed  In  a real/imaginary  format  or  In  a magnitude/phase  angle  format.  Each  pair  of  numbers  Is 
written  with  the  real  value  or  magnitude  directly  above  the  Imaginary  value  or  phase  angle. 

(Note:  The  phase  angles  are  in  degrees.) 

The  most  common  format  of  printed  output  relates  to  the  grid,  scalar,  or  extra  points  (Figure 
13).  The  following  quantities  are  printed  In  this  format: 


DISPLACEMENT 


SPCF0RCE 

VELOCITY 


ACCELERATION 

VECTOR 

PRESSURE 

THERMAL 


In  dynamic  analysis,  the  following  types  of  output  are  available  as  SOLUTION  set  output 


(Figure  14): 


SDISPLACEMENT 

SVELOCITY 


SACCELERAT10N 

NLL0AD 


This  output  provides  the  results  only  for  the  degrees  of  freedom  used  In  the  solution  of  the 
dynamic  problem.  If  a direct  formulation  1$  used,  the  quantities  printed  relate  to  the  motion  of 
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the  grid,  scalar,  or  extra  points  remaining  after  the  constrains  and  matrix  reductions  have  been 
applied.  If  a modal  formulation  Is  used,  the  output  describes  the  motion  of  the  moM  coordinates 
and  any  user-supplled  extra  points.  The  NLLWO  output  request  provides  the  nonlinear  displace- 
ment  or  veloci tor-dependent  loads  generated  only  for  the  transient  analysis. 

Note  that  grid,  scalar,  and  extra  points,  as  well  as  modal  coordinates,  may  be  Intermingled 
in  the  output.  The  points  with  only  one  degree  of  freedom  are  printed  In  a special  format.  The 
-ID-  - N number  Is  printer  only  for  the  first  point  In  a sequential  set  of  up  to  six  such  points. 
The  results  for  the  second  and  succeeding  points  are  printed  on  the  same  line  with  the  first.  If 
more  than  six  points  occur  In  a numerical  sequence,  the  seventh  "ID"  will  be  printed  so  as  to  Iden- 
tify the  second  line  of  printout,  and  so  on  for  every  succeeding  set  of  six  such  points. 

In  the  general  gridpoint  output,  the  values  given  for  T1 . T2.  and  T3  correspond  to  the  three 
translations,  and  R1 . R2.  and  R3  correspond  to  the  three  rotations  of  that  grid  point.  The  orien- 
tation of  these  displacement  components  Is  defined  by  the  output  displacement  coordinate  system. 
Which  is  either  the  NASTRAN  -basic-  rectangular  system  or  a special  coordinate  system  that  Is 
specified  by  the  user  for  that  grid  point.  If  a rectangular  system  Is  used,  the  T1 . T2.  T3  and 
Rl.  R2.  R3  directions  correspond  to  the  X.V.Z{T1  « u^  (radial).  T2  « Ug  (circmnferentlal).  and 

T3  - u^  (axial)).  The  rotations  Rl . R2.  and  R3  are  given  In  units  of  radians  and  are  defined  as 
vectors  with  the  same  directions  as  the  translations. 

The  formats  of  the  element  forces  and  stresses  are  not  as  uniform  as  the  output  formats  for 
gridpoint  data.  Each  element  type  has  a particular  set  of  output  quantities  which  Is  printed  in 
a self-explanatory  format.  These  formats  may  vary  with  the  type  of  analysis.  Element  force  out- 
put. general.  Is  the  self-equilibrating  Internal  load  system  for  that  element  In  units  of 
force  (moment),  or  force  (moment)  per  length.  Element  stress  output.  In  general,  consists  of 
direct  stresses  at  a particular  point  In  the  eleme..t.  Both  these  sets  of  element  output  quan- 
tities are  defined  In  the  local  element  coordinate  system.  Section  2 of  the  User's  Manual  lists 
the  output  quantnies  avalUble  for  each  element.  Examples  of  these  printouts  are  given  In 
Figures  15  and  16.  The  first  example  Is  a typical  element  stress  output;  the  second  Is  a more 
elaborate  printout  of  stresses  occurring  In  the  harmonic  analysis  of  an  axisymmetric  conical 
shell  elenent.  As  with  the  grid  point  data  printout  for  dynamic  analyses,  these  values  may  be 
real  or  complex,  and  may  be  requested  in  either  SfRTl  or  S#RT2  format. 
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Table  1.  Output  Request  Codes  for  Combine  and  Reduce  Operations. 


C9H6INE 

MREOUCE 

Code  Output 

Code  Output 

2 S0F  table  of  contents 

3 C0NCT1  bulk  data  summary 

4 C0NCT  bulk  data  summary 

6 GTRAN  bulk  data  summary 

7 TRANS  bulk  data  siimary 

9 RELES  bulk  data  summary 

11  Sunvnary  of  automatically 
generated  connections 

12  Complete  connectivity  map  of 
final  combined  pseudostructure 

13  The  EQSS  item 

14  The  BGSS  item  i 

15  Tl»  CSTK  Itt.  i 

16  The  PITS  item  1 

17  The  L0DS  item  ' 

1 Current  problem  summary 

2 Boundary  set  summary 

3 Summary  of  grid  point  ID  nunribers 

in  each  boundary  set 

4 The  EQSS  item  for  the  structure 
being  reduced 

5 The  EQSS  item  x 

6 The  BGSS  item  i 

7 The  CSTM  item  > reduced 

8 The  PLTS  item  1 Pseudostructure 

9 The  L0DS  item  ^ 

10  Modal  D0F  set  sunmary 

11  Fixed  set  sunmary 

12  Summary  of  grid  point  ID  numbers 

In  each  fixed  set 

REJUCE 

CREDUCE 

Code  Output 

Code  Output 

1 Current  problem  summary 

2 Boundary  set  sunmary 

3 Summary  of  grid  point  ID 

numbers  in  each  boundary  set 

4 The  EQSS  item  for  the  structure 

being  reduced 

5 The  EQSS  Item  x 

6 The  BGSS  item  i 

7 TK-  rcTM  if  mm  \ reduced 

7 The  CSTh  item  ' pseudostricture 

8 The  PLTS  item  \ 

9 The  L0OS  item  ^ 

1 Current  problem  summary 

2 Boun^iary  set  summary 

3 Sunmary  of  grid  point  ID  numbers 

in  each  boundary  set 

4 The  EQSS  item  for  the  structure 
being  reduced 

5 The  EQSS  item 

6 The  BGSS  item  i 

7 The  CSTM  item  > reduced 

8 The  PLTS  item  1 ?se«<«ostr«cture 

9 Th'  L0DS  item  ’ 

10  Modal  D0F  set  sunmary 

11  Fixed  set  sumnary 

12  Sunmary  of  grid  point  ID  numbers 

In  each  fixed  set 
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T«bl«  2.  Sunmary  for  Structural  Plotting  Options. 


PLGTID 


SET  i 


PLOTTER 

PROJECTION 

AXES  I 
VIEW  )■ 

NAXIMUH 

DEFORIMnON 

SCALE 

ORIGIN 


VANTAGE  POINT 


PROJECTION 

PLANE 

SEPARATION 


OCULAR 

SEPARATION 


CAMERA 


Optional  to  give  plot  Identification,  must  precede 
OUTPUT(PLOT) 

Required  and  specifies  sets  of  elenents  for  plotting 
(UN  4.2  for  options) 

Optional  to  .'ceclfy  plotter  name  and  NOOEL  naiaes  (UN  4.1) 
If  other  than  SC  4020  (UN  4.2  for  options) 

Optional  to  specify  type  If  other  than  ORTHOGRAPHIC 
(TN  13.) 

Optional  to  d«>  observer's  coordinate  system  and  to 
position  the  figure  (UM  4.2) 

Required  to  specify  scale  for  plotting  defomed  structure 
and  must  precede  FIND  card  (UM  4.2) 

Required  to  specify  scale  of  plotted  object,  may  be 
replaced  by  FIND  card  (UM  4.2) 

Required  to  define  origin  of  plotted  object  relative  to 
loker  left-hand  corner  of  paper,  may  be  replaced  by 
FIND  card  (UM  4.2) 

Required  to  specify  location  of  observer  with  respect  to 
structural  model  for  either  perspective  or  stereoscopic 
projections  only,  may  be  replaced  by  Fli®  card  (UM  4.2, 


Required  to  specify  R-dIrectlon  separation  of  the  observer 
and  the  projection  plane  for  perspective  or  stereoscopic 
projections  only,  may  be  replaced  by  FIND  card  (UN  4.2, 

TM  13.) 

Optional  to  specify  S-coordInate  separation  of  the  two 
vantage  points  of  other  than  2. 756  Inches  In  the  stereo* 
scopic  projections  only  (UM  4.2) 

Optional  to  specify  type  of  film  and/or  paper  and  number 
of  blank  frames  on  microfilm  plotters  only  (UM  4.2) 


I 
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Figure  2.  Example  of  the  NASTRAN  Substructure  Control  Deck  Echo. 
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Figure  5.  Example  of  the  NASTRAN  Input  Data  Deck  Echo 


Figure  6.  Partial  Listing  of  NASTRAN  DHAP  Statements  for  Rigid  Format  1. 
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Figure  7.  Portion  of  a Oayflle  Illustrating  0IA6  13  (Core  Length)  and  OIAG  15  (Open-Close). 
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Figure  9.  Cxwple  of  the  Output  Table  Provided  by  DIAO  21. 


Figure  10.  Example  of  the  Output  Provided  by  DIAG  22. 
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Figure  13.  Exaaple  of  Co^>1ex  Vector  Output  In  SfftTI  Fonaat. 
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Figure  15.  Example  of  Element  Stress  Output  in  S0RT2  Format. 
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FI9UM  17.  Exaapit  of  m Sff  Tobit  of  Cootonts  After  Tmo  PIiom  1 Runs. 
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Figure  19.  Exai^ile  of  the  SuBwary  of  Current  Problem  Table  for  a Reduce  Operation. 
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Figure  21.  Exaeple  of  the  EQSS  lUn  - Scalar  Index  List  for  a Reduced  Pseudostnicture. 
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Fl9HT«  22.  CxM^lt  of  tht  B6SS  It«i  for  a Roducod  Psoudosti 


T»USS  0TN4HIC  USING  AUTCNATEO  STNTH-SIS  j97g  v.kllPkH  U/30/7U  ^AG8 

NASftAN  f)€rON5T»ATrCN  NC . 7-3-3 


PMNTIIK  AMO  PiOniNQ  FEATURES 


C 

3 


u> 

a 


r 

c 


X 

C 


z 

c 

a 

r 

c 

c 


o 

o 


o 

o 


o 

e 


o 


o 

X 


o 

o 


> 

Ci 


Ar 

Ui 

tt  a 

A.  « 

D U 

X 


o 

o 


T 

o r 

*.  < 
* z 

c 

o 


3 


Z 

C 


o 

D 

C# 


e 

Ca 


10.S-2i 


Figure  23.  Exaeple  of  the  L9DS  Item  for  a Reduce<1  Fseudostructure. 
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Figure  26.  Exanple  of  Displacement  Vector  Output  Request 
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Figure  27.  Exenplc  of  Energy  Output  Reguested  Under  a PRINT  Subc( 
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Figure  28.  Height  end  Balance  Output 
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Figure  31.  Example  of  the  Eigenvalue  Analysis  Sunnary  Table. 
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Figure  34.  Exeaple  of  a Structural  Plot  Packet  in  the  Case  Control  Deck. 
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Figgr#  35.  ExMple  of  an  XV  Plot  Packet  In  the  Case  Control  Deck. 
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Figure  37.  Exanple  of  • Table  of  XY  Pairs  Scheduled  for  Plotting. 
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10.6  SUBSTRUCTURE  CONTROL  DECK  OUTPUT  CONTROL 

NASTRAN  provides  the  automated  substructuring  user  with  facilities  to  print  useful  summaries 
of  substructuring  bookkeeping  Information,  the  status  and  contents  of  the  substructuring  data  base 
file  (SfF),  descriptions  of  the  results  of  Substructure  Control  Deck  comMnds,  as  well  as  the  nor- 
mal engineering  Information  of  analysis  results  such  as  displacements,  velocities,  accelerations, 
forces  of  constraint,  and  applied  loads. 

Structural  analysis  results  at  the  basic  substructure  level,  Including  element  forces  and 
stresses,  grid  point  force  summaries,  omitted  degrees  of  freedom  displacements,  etc.,  are  not 
printed  using  Substructure  Control  Deck  conmands.  These  data  are  requested  using  Case  Control 
Deck  output  requests  In  Phase  3 substructuring  runs.  The  automated  substructuring  system  Is  com- 
pletely described  In  Section  20,  Including  the  relationships  between  Case  Control  and  Substructure 
Control  Deck  output  requests.  Sumnarles  of  the  output  requests  available  In  the  Substructure  Control 
Deck  are  provided  In  this  section. 

There  are  three  major  print  request  conmands  and  a plot  request  conmand  Included  In  the  Sub- 
structure Control  Deck.  Each  Is  described  In  the  following  sections  and  In  detail  In  the  User's 
Manual,  Section  2.7. 

10.6.1  SBFPRINT  Conmand 


The  SBFPRINT  conmand  provides  a means  of  determining  the  status  of  the  Substructure  Operating 
File  (SBF)  at  any  stage  of  an  analysis.  The  conmand  Is  often  used  to  obtain  the  table  of  contents 
of  the  SBF  which  Includes  a list  of  all  substructures,  how  the  substructures  are  related,  how  much 
storage  space  Is  being  used  and  remains  available,  and  which  substructure  Items  exist.  The  form 
of  the  conmand  Is  simply: 


SBFPRINT  TBC 

Eximples  of  SBFPRINT  TBC  printed  output  are  shown  In  Figures  17  and  18. 

The  SBFPRINT  conmand  also  may  be  used  to  request  print  of  Individual  substructure  Items  or 
matrices,  such  as  a stiffness  matrix  or  load. 

All  options  for  using  the  SBFPRINT  conmand  are  described  In  the  User's  Manual,  Section  2.7. 
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10.6. E OUTPUT  Subconwand 

Th«  subcooiMnd  OUTPUT  Is  used  with  substructuring  operation  conmnds  COHBINE,  REDUCE,  MIEOUCE, 
and  CREDUCE.  OUTPUT  requests  specific  Information  relating  to  the  operation  being  performed.  The 
comnaAd  Is  used  as  shown  below: 

OUTPUT  1,2,6 17 

Each  Integer  requests  a particular  Item  relating  to  the  operation.  A complete  summary  of  the 
options  available  for  OUTPUT  under  each  command  is  presented  In  Table  1.  Use  of  OUTPUT  Is  Illus- 
trated in  Figure  2,  and  examples  of  the  resulting  print  are  presented  In  Figures  19  through  25. 

10.6.3  PRINT  Subcomnand 

PRINT  “name"  is  used  as  a subcommand  of  RECOVER  or  MRECOVER  where  "name"  Is  any  substructure. 
The  PRINT  subcommand  Is  followed  by  case  control  type  commands  such  as  DISP,  SPCF,  OL0AO.  These 
commands  are  merged  with  any  similar  Case  Control  Deck  commands  to  create  a complete  print  request 
for  the  named  substructure.  For  these  cases  the  Substructure  Control  Deck  commands  override  any 
Identical  Case  Control  Deck  commands.  Note  that  no  output  will  be  printed  unless  these  specific 
requests  (OISP,  SPCF,  OL0AD)  appear  In  either  the  Substructure  Control  or  Case  Control  Decks. 

ENERGY  is  a subcommand  to  PRINT  in  substructure  control,  but  It  is  not  available  as  a Case 
Control  command.  ENERGY  Is  used  to  print  relative  modal  coordinate  contributions  to  analytical 
solutions.  The  ENERGY  command  only  applies  to  substructures  used  In  modal  reduce  (MREDUCE)  opera- 
tions. 

For  specific  details  of  using  PRINT  and  associated  commands,  refer  to  descriptions  of  the 
RECOVER  and  MRECPVER  commands  In  section  2.7  cf  the  User's  Manual.  Output  generated  by  displace- 
ment and  energy  requests  In  substructuring  Is  Illustrated  in  Figures  26  and  27. 

10.6.4  PLpT  Command 

Structural  plots  of  undeformed  structures  are  requested  in  Phase  2 substructuring  runs  using 
the  command: 

PL0T  name 

where  name  is  any  substructure  (from  a basic  model  to  the  completely  assembled  model).  Any  number 
of  these  commands  may  appear  In  the  Substructure  Control  Deck.  Undeformed  structural  plots  will  be 
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} geimrattd  using  Cas*  Control  Otck  structural  plot  coaiaands.  Tht  tntira  stqutncc  of  Case  Control 

[ connands  will  be  executed  for  each  Substructure  Control  Deck  coMMnd.  Refer  to  Section  20  of  the 
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10.7  MISCELLANEOUS  PRINTOUT  | 

i 

Along  with  the  standard  output  options,  certain  results  are  printed  autMMtlcally  or  he  | 

selectively  requested  Independent  of  the  Case  Control  options.  Those  quantities  which  are  selected  I 

s 

by  the  user  are  described  below,  followed  by  a description  of  the  results  which  are  output  auto- 
matically. 

10.7.1  Parameter-Controlled  Output 

Specialized  output  may  be  requested  via  the  PARAM  Bulk  Data  Card  (User's  Manual,  Section  3.1). 

These  options  Include: 

*yPPNT  - requests  the  weight  and  balance  results  (Figure  28).  The  output  quantities  for  the 
user-specified  grid  points  are: 

1.  Reference  points. 

2.  Rigid  body  mass  matrix  (M0)  relative  to  the  reference  point  In  the  basic  coordinate 
system. 

3.  Transformation  matrix  (S)  from  basic  coordinate  system  to  principal  mass  axes. 

4.  Principal  masses  and  associated  centers  of  gravity. 

5.  Inertia  matrix  I(S)  about  the  center  of  gravity  relative  to  the  principal  mass  axes.  I 

1 

I 

6.  Inertia  matrix  I(Q)  about  the  center  of  gravity  relative  to  the  principal  Inertia  axes. 

7.  Transformation  matrix  (Q)  such  that  fI(Q))  = [Q]^  [I(S)]  (Q).  ^ 

The  generality  of  this  output  Is  necessary  due  to  the  potential  problems  of  the  user's  Inputing  I 

directional  masses  and  general  Inertia  terms.  The  effects  of  scalar  points  are  Ignored,  but  all 

other  mass  effects  are  Included.  ' 

IRES  - requests  the  printout  of  the  static  analysis  residual  load  vector  (Figure  29).  This 
will  produce  a printout  of  the  error  occurring  at  each  solution  degree  of  freedom  for  each  static 
load  vector.  The  form  of  the  data  is  In  general  matrix  output  format  printed  by  the  DMAP  module 
MAT6PR  (User's  Manual.  Section  5.3). 

10.7.2  DMAP-Controlled  Output 

An  Output  Utility  Nodule's  (User's  Manual.  Section  5.3)  printout  Is  controlled  by  Including 
ONAP  modules  MATPRN.  MAT6PR,  and/or  TABPT  In  the  DMAP  alters  to  a Rigid  Format  or  In  the  user- 
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specified  DMAP  program.  The  HAT6PR  module,  which  prints  results  with  gridpoint  references,  and  NATPRN 
module,  which  prints  results  using  the  Internal  nunberlng  sequence,  are  highly  recoamended  for  finding 
difficult  errors  In  a matrix  formulation,  but  the  volume  of  printout  precludes  their  use  In  routine, 
debugging  of  large  problems.  Examples  of  the  printout  format  are  given  In  Figures  29  and  30.  The 
TABPT  module  prints  the  Internal  NASTRAN  table  data  specified  In  the  DHAP  Instructions.  The  use  of 
these  modules  requires  some  knowledge  of  the  DMAP  language  (User's  Manual.  Section  5).  and  requires 
an  understanding  of  the  NASTRAN  data  block  contents  (Programmer's  Manual,  Section  2). 


10.7.3  Automatic  Output 

Diagnostic  printout  which  may  be  augmented  with  the  Executive  Control  DIA6  card  (User's  Guide, 
Section  1,  and  User's  Manual,  Section  2.2)  Is  a convenient  tool  for  the  experienced  NASTRAN  user  to 
analyze  the  execution  of  a problem.  A description  of  all  possible  outputs  Is  beyond  the  scope  of 
this  Guide.  Also,  an  understanding  of  some  cf  the  available  printout  requires  a knowledge  of  the 
NASTRAN  program. 

Some  of  this  diagnostic  output  Is  automatic.  This  printout  occurs  In  different  locations, 
depending  on  the  particular  computer  system  being  used.  The  standard  output  consists  of  the  BEGIN 
and  ENO  times  for  every  functional  module  and  some  of  the  major  subroutines. 

When  a user  requests  a checkpoint  be  taken,  the  RESTART  data  Is  automatically  printed.  This 
data  Is  written  as  It  Is  created  and  Is  a duplicate  of  the  checkpoint  dictionary  cards  punched  at 
the  end  of  each  run.  If  the  restart  deck  Is  lost,  the  cards  may  be  punched  manually  from  this 
printout. 

Every  time  an  eigenvalue  extraction  routine  Is  executed,  the  Eigenvalue  Summary  Tables  are 
automatically  printed.  This  occurs  In  normal  modes,  buckling,  and  complex  eigenvalue  analyses. 

The  output  shown  In  Figure  31  and  32  Includes  the  eigenvalue  routine  diagnostics  and  the  eigen* 
values,  frequencies,  generalized  (modal)  mass,  and  generalized  (modal)  stiffness  for  each  solution 
root.  Refer  to  the  Rigid  Format  descriptions  (User's  Manual . Section  3)  for  a definition  of  the 
contents  printed  for  each  Rigid  Format. 

Each  time  a plot  output  request  1$  made,  a Plot  Sumnary  Table  Is  automatically  printed  for 
both  tN  structure  (Figure  33)  or  plot  (Figure  36)  operations.  Each  plot  produces  a page  of  out- 
put containing  data  In  the  scale  factors,  origins,  sets,  labels,  and/or  curve  maximums  and  mlnlmums. 
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10.8  STRUCTURAL  AND  CfmTOUR  PLOHING 
10.8.1  Structural  Plotting 

The  structure  plot  control  options,  as  suMiarIzcd  In  Table  2,  are  described  In  detail  In 
Section  4 of  the  User's  Manual.  Illustrative  exanples  of  their  use  are  presented  In  Sections  18 
and  19  of  this  Guide.  The  following  describes  the  actual  results  and  contains  recoenendatlons 
for  general  usage. 

1.  The  undefonned  plots  are  generated  near  the  beginning  of  the  NASTRAN  execution.  These 
plots  provide  visual  verification  of  the  geometry  and  element  connectivities  of  a model. 
For  large  complex  problems.  It  Is  recommended  that  several  plots  be  made  using  different 
sets  of  elements,  view  angles,  and  labeling  options  In  various  combinations.  The  user 
may  then  select  the  best  views  of  his  structure  for  plotting  the  results  of  subsequent 
runs. 

2.  Use  of  the  FIND  option  Is  recommended  to  automatically  calculate  the  origin  and  scaling 
factors  used  for  plotting  each  section  of  a structure.  Figure  33  Illustrates  the  plot 
data  summary  printed  out  for  each  plot  requested.  If  the  user  specified  his  own  data. 

It  is  possible  that  some  points  will  not  be  Included  In  the  plot.  This  also  occurs 
frequently  when  a different  set  of  structural  elements  Is  plotted  with  the  origin  and 
scale  of  a previously  plotted  structure.  The  FIND  card  should  be  used  before  each  PL0T 
coomand,  unless  the  structure  and  view  data  are  unchanged.  Another  problem  occurs 
when. a deformed  structure  Is  plotted  and  the  MAXIMUM  DEF0RMATIIN  card  Is  missing.  With- 
out It,  the  scale  Is  chosen  to  place  the  extreme  limits  of  the  structure  at  the  edge  of 
the  plot.  Large  deformations  at  these  points,  therefore,  might  not  get  plotted. 

3.  The  use  of  symmetry  perspective  and  stereo  projections,  and  user-defined  scales  and 
origins  Is  not  recommended  for  the  Inexperienced  user.  These  options  are  best  approached 
In  an  experimental  mode  by  using  small  test  examples.  Figure  34  shows  part  of  a large 
structure  plot  packet  In  a Case  Control  Deck.  It  Illustrates  the  use  of  many  of  the 

plotting  options. 

4.  Quite  frequently  some  of  the  plotter  choices  available  In  NASTRAN  are  not  compatible  with 
a certain  Installation  hardware  or  mey  be  Inefficient  for  some  plotters.  Plot  tape  con- 
version programs  are  coemonly  available  to  remedy  these  situations.  They  require  only  an 
additional  tape  set-up  and  an  extra  Job  step  In  the  Job  control  deck. 
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10.8.2  Contour  Plottir 


Contour  plots  uoy  bo  obtolnod  bP  ro^uostlnp  thou  on  PL8T  cords  ond  by  Includlnf  o spporotc 
CINTIUR  coH  In  tho  structure  plot  pockot.  Nino  typos  of  stress  ond  four  types  of  d1sp1.oc«snt 
contour  plots  aoy  be  selected.  The  poroMters  on  the  C0NTIIIR  cord  ore  discussed  In  Section  4.2  of 
the  User's  Nutuol.  In  o nonwl  NASTRAII  run.  these  plots  ore  ovolloble  folloirtnf  the  solution  nf 
the  structure.  In  o tubstructuring  run.  they  ore  ovolloble  only  In  Phose  3 runs,  uhere  the  bosic 
structure!  relotlens  between  points  ond  eloeonts  ore  recovered  ond  the  solution  dote  for  eoch  sub- 
structure It  known  (User's  fiulde.  Section  20). 
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XY  PLOTTING  AND  PRINTING 

10.9  XY  PLVTTING  AND  PRINTING 

The  XYt>LfT  options  (User's  Ninu«I»  Section  4.3)  are  used  for  a variety  of  pwvvoses  In  dynaaic 
analysis,  especially  to  produce  curve  plots  of  selected  variables  versus  tiaa  of  frequency.  Options 
are  also  available  to  print  out  selected  components  of  the  results  versus  time  or  froquanty.  or  to 
print  out  the  peak  values  only.  Also,  the  printer  Itself  nay  be  used  as  a plotter  when  quick  quali* 
tative  results  are  desired.  The  printed  characters  are  placed  in  locations  on  the  printout  to 
represent  one  or  nore  curves  at  a tine.  Figure  35  shows  the  XY  request  packet  in  a Case  Control 
Deck.  Figure  36  illustrates  a typical  XY  Output  Sunnary  table,  one  of  which  is  printed  far  each 
curve.  When  the  XYPRINT  command  is  used,  a table  of  XY  pairs  Is  printed  iMediately  following  the 
sunnary  table  (Figure  37).  This  represents  the  data  which  will  be  plotted  to  fill  the  current 
request. 

The  command  cards  to  produce  XYPL0T  printout  or  plots  are  described  In  Section  4.3  of  the 
User's  Manual.  The  following  discussion  is  concerned  with  aiding  the  user  in  interpreting  his 
output  and  avoiding  problems. 

1.  Quite  frequently  the  user  cannot  anticipate  the  critical  points  and  elements  for  idiich 
plots  are  desired.  Plotting  a nunber  of  points  and  elements  may  be  inefficient  and 
confusing.  A common  procedure  is  to  checkpoint  the  solution  run  and  printout  much 

of  the  data.  From  these  data,  the  critical  points  and  elements  and  the  plot  scales 
nay  be  selected,  and  a restart  can  be  made  for  plotting  only. 

2.  The  automatic  selection  of  scales  in  the  XYPL9T  option  was  designed  for  the  general 
casa  and  may  be  undesirable  for  a specific  user  problem.  For  instance,  quantities  which 
are  to  be  compared  should  be  plotted  with  the  same  scale  with  perhaps  more  than  ona  curva 
plotted  per  page.  But,  the  plotter  automatically  sizas  each  plot  to  reach  the  upper 

and  lower  limits  of  the  plot  region  specified.  The  procedure  suggested  above  should 
help  avoid  this  problem. 

3.  The  automatic  labeling  of  the  plots  Includes  the  point  or  element  identification  number 
and  plot  sequence  number.  This  sequence  number  corresponds  to  the  order  in  which  the 
plots  were  created.  A separate  and  unique  TCURVE  title  for  oach  frame  should  bo  input 
for  every  plot.  Later,  this  title  will  be  very  useful  when  the  user  attempts  to  recall 
what  he  had  intended  to  have  shown  in  each  plot. 
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The  number  of  options  available  In  the  XYPL0T  control  package  Is  usually  overMhelmIng  to 
the  beginner.  It  Is  suggested  that,  at  first,  single  plots  to  be  placed  on  single  frames 
and  that  most  of  the  defaults  be  used.  If  a checkpoint  has  been  taken,  the  options 
may  be  selectively  and  economically  experimented  with,  using  the  restart  feature  of 
NASTRAN. 
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10.10  MATRIX  TePfLWY 

NASTRAN  provIdM  a spacial  capability  to  print  or  plot  the  topology  of  any  matrix.  This 
capability  requires  the  user  to  insert  a OMAP  alter  packet  with  the  SEEMAT  Instruction  (User's 
Manual,  Section  5.3)  which  Identifies  the  matrix  data  block  and  selects  the  output  options.  Whether 
printed  or  plotted,  the  SEEMAT  output  will  show  the  nonzero  matrix  elements  positioned  pictorially 
by  row  and  column  within  the  outlines  of  the  matrix.  SEEMAT  Identifies  each  degree  of  freedom  which, 
for  large  matrices,  will  produce  a large  volume  of  output. 
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11.1  INTROOUaiON 


This  section  It  dtsl9M4  to  orient  e new  user  of  NASTRAN  to  the  besic  reRulreaents  for  opersi> 
ting  NASTRAN  on  any  of  the  standard  coaeMter  system  listed  In  Table  1. 


Table  1.  Standard  Computer  System  for  NASTRAN 


Section 

Computer  System 

11.2 

IBM  360/370  (fS)  (PM  5.3) 

11.3 

UNIVAC  1106/1110  (Exec  8)  (PM  5.4) 

11.4 

CDC  6000/CYBER  (NBS.N9S/BE)  (PM  S.S) 

Though  a vast  mjorlty  of  the  NASTRAN  subroutines  are  written  In  a subset  of  FfRTRAN  to  be 
compilable  with  all  three  system,  certain  utilities  have  been  written  In  Assembly  language  to 
facilitate  Interfacing  the  NASTRAN  Executive  System  with  the  resident  operating  system  software. 

NASTRAN  consists  of  approximtely  1600  subroutines  of  source  code  and  Is  divided  Into  IS 
functional  links  (Rrogrammr’s  Manual.  Section  S).  When  the  NASTRAN  program  Is  actually  Installed 
at  the  user's  location,  the  local  usage  conventions  must  be  considered  In  order  to  determine  the 
most  advantageous  means  of  mking  NASTRAN  accessible  to  the  user.  At  certain  Installations,  where 
NASTRAN  1$  heavily  used.  It  mey  be  mde  available  as  a system  resident  program.  Alternatively, 
the  program  may  be  stored  off-line,  but  In  load  module  form  so  that  It  can  be  readily  loaded  Into 
the  system  when  required.  It^should  be  noted  that  NASTRAN  Is  designed  to  dynamically  allocate 
core  so  that  at  execution  tlm,  all  the  core  memory  that  can  be  mde  available  will  be  used.  Mhen- 
ever  practicable,  the  mximiae  core  available  should  be  used  to  achieve  minimum  run  tims.  For 
further  discussion  of  core  regplremnts,  see  Section  14. 

Each  of  the  following  sections  will  sumarize  the  rudiments  of  the  system  control  cards  re- 
quired to  operate  NASTRAN  on  each  of  the  three  computer  system.  Examples  are  provided  for  mny 
of  the  typical  situations  encountered.  Including  usage  of  checkpoint  tapes,  user  tapes,  plot  tapes, 
and  substructure  operating  files.  Not  all  conditions  can  be  covered  In  this  Guide.  However, 
sufficient  examples  are  given  to  Indicate  what  questions  to  ask  of  the  resident  system  personnel 
In  the  event  mre  complex  arrangements  are  desired. 
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NASTRAN  ON  THE  IBM  SYSTEM  360/370  (fS) 
n.2  NASTRAN  ON  THE  IBM  SYSTEM  360/370  (0S) 
n.2.1  Deck  Organization  Suawary 

This  section  describes  how  the  NASTRAN  Input  deck  (Including  control  cards)  aust  be  set  up 
for  operation  on  the  IBM  360/370  hardware  (Programmer's  Manual,  Section  5.3).  The  overall  organi- 
zation of  the  deck  Is  shown  In  the  table  below.  Each  Item  In  the  table  Is  described  In  Section 
11.2.2.  Many  examples  of  common  deck  set-ups  are  presented  In  Section  11.2.3.  All  system  control 
cards  have  two  slashes  (//)  punched  In  columns  1 and  2. 

Table  1 . Organization  of  the  Input  Deck 


1 

JOB  card 

•>> 

c 

NASTRAN  Instream  procedure 

3 

EXEC  card 

4 

Control  cards  for  optional  files 

5 

NASTRAN  data  deck 

6 

/* 

11.2.2  Descriptions  of  the  Input  Deck 

11.2.2.1  J0B  Card 

The  JfB  card  Identifies  the  Job  and  furnishes  parameters  necessary  for  scheduling  and  account- 
ing purposes.  It  Is  Installation-dependent;  therefore,  check  with  cognizant  personnel  at  your 
Installation  for  the  proper  usage. 

11.2.2.2  NASTRAN  Instream  Procedure 

The  NASTRAN  Instream  procedure  Is  a deck  of  about  100  control  cards  which  are  required  to 
execute  NASTRAN.  These  cards  must  be  Included  In  every  run.  However,  some  Installations  may 
have  these  cards  permanently  stored  In  the  system  (cataloged).  In  this  case,  the  Instream  pro- 
cedure deck  may  be  left  out  of  the  Input  deck. 

A listing  of  the  NASTRAN  i'stream  procedures  Is  given  In  Table  2,  followed  by  descriptions 


of  the  numbered  ita 
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SYSTEM  CONTROL  CARO  DECKS 

Table  2.  Basic  Job  Control  Language  (JCL)  for  NASTRAN  Runs. 


1. 


2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 


//NASTRaN 

// 

// 

// 

// 

//*— 

//•— 

//•— 

//*— 


PROC  NAME* • XL JLR . NSTNLROO .L 1 750 , LOAD  * # 
PUNtTS*CYLtPlBl*P2sl, 

$UNITS«CVL*S1>3*S2>1 « 
TUNlTS>CYL»riB3*T2«i« 

OENPLTbI 


• PROCEDURE 


NASTRAN 


//NS  1 

EXEC 

//FTOlfOOl 

00 

// 

//FT04F001 

00 

//FTOSfOOi 

00 

//FT06F001 

DO 

//FTOTFOOl 

00 

//FT14F001 

00 

//INFl 

00 

//INF2 

DO 

//1NF3 

DO 

//INP4 

DO 

//INPS 

00 

//INP6 

DO 

//INP7 

00 

//iNPa 

00 

//INP9 

00 

//inpt 

DO 

//• 

PGM>NASTRAN«RE6ION«A10K»PARM«*CORE>(STAT*6AK) ♦ 

unit»svsoa*spaceb (CVL • ( Of  n ) t 

OCB> I RECFMbFB  * LRECL  >00 iULKSIZE«72O0»  BUPNOb 1 > 

SYS0UTBA*0C0B(RECFMBVUAtLRECL>137tBLKSI2Ea3«29) 

OONAME«SYSIN 

SYS0UTBA*0CBB|RECFMaVBA*LRECLBl37tBLKSIZEB3«29) 
SYSOUTbB 
00NAMEbP(.T2 
OSNbNULLFILE 
OSNbNULLFILE 
OSNBNULLFILE 
OSNBNULLFILE 
OSNBNULLFILE 
osnbnullf ILE 
OSNBNULLFILE 
osnbnullf ILE 
OSNBNULLFILE 
OSNbNULLFILE 


* FORTRAN  PLOT  REF 
EXTRA 
INPUT 
AND 

OUTPUT 

UNITS 

FOR 

MATrtlX 

STORAGE 

ANO 

RETRIEVAL 


//•  FOLLOUINO  five  CAROS  OEFINE  THE  EXECUTIVE  FILES. 

//•  EXCEPT  FOR  The  NPTP  and  POOL*  THESE  FILES  ARE  UEFInEO  TO  BE  NULL 
//•  ANO  NO  EXTERNAL  USE  CAN  BE  MADE  OF  THESE  OATA  SETS  UNLESS  PROC 
//•  OVERRIDE  CAROS  ARE  SUPPLIED— SPECIFY  UNIT*  OSN*  VOL-SER<>NO. 

//*  furthermore  any  overrides  must  APPEAR  IN  THE  SAME  ORDER  AS 
//•  THOSE  8EIN0  OVERRIDDEN.  I.E.*  ALPHABETICAL. 


19. 

//• 

//NPTP 

00 

UNlTaSYSOA*SPACEs(LPUNlTS* (4Pl«iP2) > *OISPa ( *PASS» 

20. 

//OPTP 

DO 

osnbnullf ILE *LA8ELB(*NL) *01 SPbOLO 

21. 

//PLT2 

DO 

OSNBNULLFILE 

22. 

//POOL 

DO 

UNITaSYS0A*SPACEa(4PUNITS* (4Pl«iP2> ) 

23. 

//UMF 

DO 

OSNaXLJLR.UMF.BULK.LITSO.OATAtOISPaSHR 

//• 

//•  ••••  example  tape  OVERRIDE  CAROS  FOR  EXECUTIVE  FILE  00»S  •••• 

//•  ••••  OUESTlONSt?)  must  BE  REPLACED  ViTH  APPROPIATE  NAME 


//• 

//•  //NS. NPTP 
//•  // 

//•  //NS.OPTP 
//•  // 


00  UNITB2AOO*VOLBSERB7*OSNB7«OISPa(NEN«KEEP) * 
LABEL* (1»BLP) 

00  UNITB2AOO«VOLBSEAa7«OSNa?*DlSPBOLU* 
LABELb(I*BLPI 


«MUIV 


i 


t- 
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TtbU  I.  6«*1e  Job  Control  Longutg*  (JCL)  for  HASTRAH  Runs  (ContlnooH) 


//• 

//• 

//• 

//• 


•••••  OHtMAHV  SCRATCH  DATA  SETS 


24. 

//PHtOI 

DO 

26. 

//PRISE 

OD 

26. 

//PR Its 

DO 

27. 

//PRIOR 

DD 

28. 

//PHISS 

DD 

29. 

//PM 104 

DD 

30. 

//PRIOT 

DO 

31. 

//PMIOO 

DO 

32. 

//PRIOR 

00 

33. 

//PRIIO 

DO 

34. 

//PMIII 

00 

36. 

//PM1I2 

00 

36. 

//PRIIJ 

00 

37. 

//PRII* 

00 

38. 

//PRIIS 

00 

39. 

//PR1I4 

DO 

40. 

//PMlIT 

00 

41. 

//PRIIU 

00 

42. 

//PRllR 

00 

43. 

//PM14U 

DO 

44. 

//PRIEI 

00 

46. 

//PRltE 

00 

46. 

//PRIIJ 

00 

47. 

//PRIIA 

00 

a. 

//PRIIS 

DO 

49. 

//PR1I4 

00 

60. 

//PRlir 

00 

61. 

//PRIIU 

00 

62. 

//PRIIV 

00 

63. 

//PRI30 

00 

64. 

//PRISI 

00 

66. 

//PRIJI 

00 

//• 

//• 


56. 

57. 
68. 

69. 
60. 
61. 
62. 

63. 

64. 
66. 
66. 

67. 

68. 
C9. 

70. 

71. 

72. 

73. 


//• 

//SECOI 

00 

//SCC04 

00 

//SECOJ 

00 

//SECOR 

00 

//SECOU 

00 

//SECOR 

00 

//ucor 

//SECOO 

00 

00 

//SECOU 

00 

//SECIO 

DO 

//SECII 

00 

//SACU 

00 

//SECIi 

00 

//S4CI* 

DO 

//SECIS 

00 

//SNAPSHOT 

DD 

//STEPAlO 

00 

//SYSUOUHP 

00 

MmT»SYSOAfSMAei»<SRUNlTS»  1 

UHtT*SVS0A«SHACC«<iPUHITS*UMt*SM8n 

UHI T«SVSOA • SPACE* t 6RMHI TS »« iMl • SM81I 
«HlT»SYSOA«SPACE*<iRUHlTS» UPI»SPH» » 
UhIT*SYSOA*SPACE» (SPUHl TS»  <%Pl •SP<»  > 
UHlT»SVSOA*SPACE«tARUNlTS»  «iPl*iP4U 
MNl T*SVSOA«SPACE« (iPMHl TS*  UPl 1 4P41 1 
ONl  f •SYSOAtSPACE*  i APWl  TS  » UPl  #iP*l  > 
UNlT«SrSl>A*SPACE«UPUNlTS»  UPl»4P8l» 
UNtT*SVSOA*$RACC" (iPUNiTS* (4Pl*4Ptl ) 
UNlT»StSOA»SRACE»l4PUNlTS»  «4Pl*4P4»> 
Un|T»SVSOA*SPACC»  <AP0NII$»  «4PI«4P81» 
ONlT«StSOA«SPACE«f4PWNlTS» I4PI*4P41» 
Ui4lT>SVSOA*SPACE«(4PUNlTS*(4PI«4Ptl» 
0NIT»SYSDA»SRACC« •4PUNITS* I4PI*4PI»  » 
UNIT»$YS0A»SPACE«(4PUNITS* (fcRI*4P8»» 
0NIT»SYS0A»SRACC»<4PUN1TS»  <4Rl»4P4M 
UNlT»SYS0A»SPACC«aPUNlTS»«4PU4P8l» 
OHlT»SYSOA»SPACt«(4PUNlTS»  «4Plt4P«»> 
ONlt»SYSOA»SPACC»  <4PUNlfS»  «4Pl»4P*>  » 
UnIT»SYSOA»SPACE«  «4PUNITS* I4PI«4PHI > 
unit "SYSOA* SPACE*  liPUMTS*  <4Pl*4P4>) 
UnIT«$YSDA*SPACE« IVPUNITS*  t4Plt4P4>» 

UNiTaSYSOA (SPACE*  (APUNITS*  (4PU4PO  ) 
0NIT*SYS0A(SPACE*»4PUNITS*«4PI*4P<»» 
UNIT*SYS0A(SPACE*  <4PUNITS*  <4Pl*4P81 > 
UMI*SYSOA(SPACE*  (APUNITS*  t4Pl«4P8»  » 
UnIT*SYSOA*SPACC* (APUNITS* (API *AP«>  » 

UNI T*SYSOA*SPACE* ( APUNl TS* ( API *4P4I I 
UNlT*SYS0A*SPACt*(APUN:TS*IAPl*4P4»» 

UNI T*SYSOA(SPACC* (APUNITS* (API *4P4I I 
UNIT*SYS0A(SPACE* (APUNITS* (API*4PH»  » 

•••••  SECONDARY  SCRATCH  DATA  StTS  ••••• 

UNIT*STS0A(SPACE*(ASUNITS«(ASI*AS4I> 
UnIT*SYSOA*SPACE* (ASUNI TS* (ASI*4S4I I 
UnIT*SYS0A»SPACI*(ASUNITS*(ASI*4S4)) 
UNIT*SYS0A*SPACE*(ASUN1TS*(ASI*AS4II 
UNlT*SYSOA*SPACi*(ASUNlTS*(ASI*4S4M 
UNIT*SYS0A* SPACE* (ASUNlTS*(ASI*4S4l I 
UNIT*STS0A*SPACC*(ASUN|TS*  (4S4*AW»  I 
UNlT*SYS0A*SPAC€*(ASUNfTS*(ASl*AS8l » 
UnIT*SVS0A*SPACC*(ASUNITS*(4SI*AS4)I 
U.'*IT*SYSOA*SPACC*  (ASUNI TS»(ASI*4S4I  I 
WNIT*SVSUA*SPACE*(ASUN|TS* (ASI*4S<I I 
UNIT*SYS0A»SPACC*(ASUNITS* (ASI*4S4I » 
UNIT*SYSUA*SPACE*(ASUN|TS*(ASI*4SR)I 
UNIT*STS0A* SPACE*! ASUNI TS*<4SI*4S4>> 
UNIT*SYS0A*SPACE* (ASUNI TS*(ASI*4S4M 
SYSOUT*A*OCO*(RECPH*VI»A*ARECA*l8S*(iA«4l44nO«4l 
OSN*4l«AMC  (OISP*SHR 
SYSOUTaA 
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T«b1t  2.  Basic  Job  Control  Languogo  (JCL)  for  NASTRAN  Runs  (Continutd) 


//• 

//• 

//• 

74.  //Tcnoi 

75.  //TEMOit 

76.  //TEA04 

77.  //TCM04 

78.  //XPTD 

//•— 

//•——« 

79. 


TCATIAAV  SCAATC.H  «)ATA  SETS 


UNn«SYSl>A«SMACE*tiTUNnS(UTl*ATa) ) 
UMIT«SVSOAtSI>ACC>tiTUNlTS*(ATlfATa) ) 
UNlT«SYSOA»SMACC«(i?UNlTS*  UTS  *iTa) ) 
UNn«SVSDA*SMACe«(iTUNlTS*<ATl*iTa) ) 
UNlT«$Y$OA»$l»ACC«f6AONlTS»  > 


£NO  Of  AROCEOUNt 
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Description 


1.  The  PR0C  card  defines  the  name  of  the  Instream  procedure  and  sets  default  values  for  the 
symbolic  parameters. 


SYMBOLIC 

PARAMETER 


DEFAULT 

VALUE 


PUNITS 


XLJLR.NSTNLM0O. 
LI  750. LOAD 


SUNITS 


TUNITS 


PAINTER  VALUE  DESCRIPTION 

AOOK  Defines  region  size. 

T 10  Defines  CPU  limit  (minutes). 

®^'****-^  ^ Defines  the  density  of  the  plot  tape  (556  bpi) 

NAME  XLJLR.NSTNLM0O. 

LI 750. LOAD  Defines  the  data  set  name  of  the  executable. 

PUNITS  CYL  Defines  the  space  allocation  units  for  the  primary  files. 

1 Defines  the  Initial  space  allocation  fcr  the  primary  files. 

^ Defines  the  increment  space  allocation  for  the  primary 

files. 

Defines  the  space  allocation  units  for  the  secondary  files. 

^ Defines  the  initial  space  allocation  forthe  secondary  files. 

^ Defines  the  Increment  space  allocation  for  the  secondary 

files. 

TUNITS  CYL  Defines  the  space  allocation  units  for  the  tertiary  files. 

^ Defines  the  Initial  space  allocation  for  tertiary  files. 

^ Defines  the  Increment  space  allocation  for  tertiary  files. 

2.  The  EXEC  card  defines  the  name  of  the  program  to  be  executed,  NASTRAN.  the  region  size  In 
which  NASTRAN  Is  to  be  executed,  and  the  default  FARM. 

3.  The  FT01F001  DO  card  defines  the  data  set  to  be  used  as  Intermediate  storage  for  NASTRAN 
Input.  BCD  or  EBCDIC  card  Images  are  read  and  converted  to  BCD  card  Images  and  written  on 
IMIt  1,  then  NASTRAN  reads  Its  Input  from  Unit  1. 

4.  The  FT04F001  DO  card  defines  the  data  set  that  will  contain  the  run  log.  The  NASTRAN  run 
log  contains  Internal  timing  for  NASTRAN  and  a trace  of  the  modules  that  are  executed  In 
an  execution.  It  1$  usually  assigned  to  a printer  (SYS0UT-A);  however.  It  may  be  assigned 
to  any  device  or  set  to  dunay  and  thereby  deleted  as  desired. 

5.  The  FTOSroOl  DO  card  Is  deferred  by  the  use  of  the  DONAME«SYSIN  parameter  and  will  be  dis- 


cussed 1r  the  examples  that  follow. 
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6.  Tht  PT06F001  DO  card  dtfints  tht  printtd  output  frm  tho  NASTRAN  run.  This  printod  output 
Is  wrltton  In  BCD.  As  with  FT04F001  • It  csn  bt  uodlfltd  St  sxscutlon  tiM  hy  tho  ustr  os 
dtslrod. 

7.  Tho  FT07F001  00  cord  dofinos  tho  punchod  output  frosi  NASTRAN  oxocutlons.  It  con  bo  aodlflod 
os  dosirod. 

•.  Tho  FT14F001  00  cord  Is  doforrod  by  tho  uso  of  D0NAME-PLT2  (soo  Itoni  23). 

J thru  18.  Thoso  00  cords  dofino  doto  sots  to  bo  usod  os  usor  tspos  through  tho  uso  of  IMPUTT2 
ond  (WTPUT2  routinos.  All  hovo  tho  porsmotcr  OSN-NULLFILE  which  rostricts  tho  oporoting 
systoo  fro«  ollocsting  thon  unloss  thoy  sro  suppllod  as  ovorrido  JCL. 

19.  Tho  NFTF  00  card  Is  usod  to  doscribo  tho  now  problom  tapo  (checkpoint  tape)  to  bo  usod  by 
NASTRAN.  It  Is  sot  up  as  a tomporary  fllo  and  should  bo  ovorriddon  If  It  Is  to  bo  saved 
for  later  uso. 

20.  Tho  fPTP  card  defines  tho  old  problem  Upo  (previous  checkpoint  tape)  for  tho  NASTRAN  run. 

It  must  exist  prior  to  tho  NASTRAN  run  In  which  It  Is  usod,  and  In  this  procedure  OSN"NUUFILE 

must  bo  overriden  before  tho  BPTP  could  bo  usod  to  retrieve  data. 

21.  Tho  PLT2  DO  card  dofinos  tho  output  data  sot  containing  tho  SC4020,  CALCiHP  or  NASTPLT  plotting 
data. 

22.  Tho  PML  DO  cards  define  tho  data  sot  to  bo  usod  as  tho  Data  Pool  file.  It  Is  always  present 
ond  refers  to  tomporary  scratch  disk. 

23.  Tho  UMF  00  card  dofinos  tho  data  set  that  contains  tho  Usor  Mister  File  daU  to  bo  Input  to 
NASTRAN.  It  must  bo  specified  If  It  Is  needed. 

24  thru  55.  Those  DO  cards  dofino  tho  primary  units  to  bo  usod  by  NASTRAN  as  toavorary  working 

files.  (Note,  each  DO  card  must  roforonco  only  one  unit.) 

Sd  thru  70.  Those  00  cards  dofino  tho  secondary  units  to  bo  usod  by  NASTRAN  as  toa^rary  working 
files.  (Note,  each  DO  card  must  roforonco  only  one  unit.) 

71.  Tho  SNAPSNfT  DO  card  dofinos  tho  data  sot  that  contains  tho  diagnostic  dump  if  NASTRAN  takes 
a usor  abort.  It  Is  assigned  to  tho  printer. 

72.  Tho  STEPLI8  card  defines  the  data  sot  name  and  tho  location  of  tho  executable. 

73.  The  SYSURBV  00  card  defines  tho  data  set  that  contains  tho  diagnostic  dump  If  NASTIIAH  tahos 
a system  abort.  It  Is  assigned  to  a printer. 
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74  thrg  77.  Th«$e  DD  cards  define  the  tertiary  unit’s  to  be  used  by  NASTRAN  as  teivorary  working 
files.  (Note,  each  OD  card  must  reference  only  one  unit.) 

78.  The  XPTD  DO  card  defines  the  temporary  data  set  that  is  to  contain  the  checkpoint  dictionary 
during  CHECKPOINT  runs  in  a 6IN|  compatible  format  (NOT  BCD  card  images). 

79.  The  PEND  card  signifies  the  end  of  an  instream  procedure.  It  should  be  removed  before  the 
Ja  is  placed  on  the  PROaiB. 

The  following  restriction  should  be  noted:  Plot  tapes  must  be  7-track  tapes  when  plotting 
for  a Stromberg-Carlson  plotter;  any  remaining  tapes  (problem  tapes,  UMF,  PLT2  tape  for  the 
CALCOMP  plotter,  or  the  General  Purpose  Plotter,  etc.)  may  be  7-  or  9-track  as  the  user  desires. 

The  NASTRAN  execution  deck  setup  is  presented  as  an  instream  procedure  such  that  it  may  be 
'^*'ifi®d  before  addition  to  the  Installation  procedure  library  (PR0CLI6)  to  permit  easy  recall 
and  reuse. 

The  procedure  provided  is  Intended  for  use  on  an  IBM  360  computer  operating  under  BS.  It 
should  be  reviewed  for  each  installation  prior  to  actual  use.  Among  the  Items  that  may  necessitate 
modification  of  the  procedure  are  the  following: 

1.  Any  modification  to  the  standard  IBM  0S  operating  system  could  make  modification  of 
the  PRBC  necessary.  For  example,  all  SYSPUT^A  and  SYSBUT-B  data  sets  are  provided  with 
DCB  Information  and  space  allocation.  If  a particular  Installation  is  using  HASP 
(Houston  Automatic  Spooling  System),  it  becomes  necessary  to  remove  the  OCB  parameters 
and  the  space  allocation  is  no  longer  needed.  Similar  modifications  will  be  necessary 
when  running  under  ASP  (Auxiliary  Support  Processor)  or  related  systems. 

2.  The  procedure  as  provided  has  temporary  scratch  file  space  sufficient  for  small  to 
medium  size  problems.  Medium  to  large  problems  will  require  the  initial  space  alloca- 
tion for  primary  and  secondary  flies  to  be  doubled  (Pl»2,  Sl-6),  while  very  large  pro- 
blems often  tax  the  resources  of  the  computer  and  must  be  dealt  with  on  an  individual 
basis. 

3.  If  the  number  of  00  statements  in  the  procedure  is  too  great,  it  may  be  reduced  (at  some 
cost  In  performance)  as  follows  with  the  most  expendable  data  sets  listed  first: 
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*•  iN'^;lNSl*I»<P?----.IHW.|RTP.UMF,l>LT2(*nd  FTIAFOOl).  Tht  Oat«  stts  «rt  not  utod 
by  NASTRAN  unless  requested  by  the  user  through  his  dete. 

b.  TW01JER02, — . Tertiary  files  nay  be  elininated  if  careful  thought  is  given  fo 
the  selection  of  the  space  allocation  paraneters  R1  and  SI. 

c.  The  secondary  files  (SEC01.SEC02. — .SEC15)  nay  be  cut  back  to  a single  one  (SECOl) 
as  long  as  enough  space  is  pre-allocated  for  the  prinary  files  (PRIOl.PRIOZ, — ) 

to  run  the  problem.  It  is  recoenended  that  at  least  four  or  five  secondary  files  be 


retained,  however. 


11.2,2.3  EXEC  Card 

The  EXEC  card  actually  causes  NASTRAN  to  execute.  The  format  Is: 

//name  EXEC  NASTRAN 

where  ‘‘name''  Is  an  alphanumeric  name  of  up  to  8 characters,  the  first  of  which  must  be  alphabetic. 
"Name"  Is  optional.  If  used.  It  should  begin  In  column  3. 

There  must  be  at  least  one  blank  space  preceding  the  word  EXEC,  and  at  least  one  blank  space 
between  EXEC  and  NASTRAN. 

NOTE:  For  some  unusual  problems.  It  may  be  necessary  to 
specify  parameters  on  this  card.  These  parameters  are 
described  in  Section  11.2.2.2. 
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11.2.2.4  Control  Cards  for  Optional  Tape  and  Disk  Files 

No  tapes  are  required  to  run  NASTRAN.  However,  a variety  of  options  are  available  to  the 
user  which  require  the  definition  of  tapes  and/or  their  disk  file  equivalents  in  the  system  control 
card  deck.  These  additional  flies  fall  Into  two  categories:  1)  NASTRAN  permanent  files  (see  Table 
3)  which  are  referenced  In  the  procedure  deck  (Section  11.2.2.2),  and  2)  Other  FORTRAN  units  not 
covered  in  the  procedure  deck.  For  additional  information  on  how  NASTRAN  manages  input/output 
In  the  IBM  system,  see  Section  5.3.2  In  the  NASTRAN  Programmer's  Manual. 


Table  3.  NASTRAN  Permanent  Files 


File  Name 

Purpose 

INP1 

(1-1,2 9.T) 

User  tapes  referenced  by  OMAP  utility 
modules  INPUTTl  and  0UTPUT1  (U6  15,  UM  5.3.2) 

NPTP 

New  problem  tape  for  checkpointing 

0PTP 

Old  problem  tape  for  restarting 

PLT2 

Plot  tape  for  SC4020,  Calcomp,  or  NASTRAN 
General  Purpose  Plotter  (assigned  FORTRAN 
Unit  14) 

UMF 

User's  Master  File 

9 


9 

I 

r 


Note  that  the  file  names  In  Table  3 are  in  the  same  order  (alphabetical)  as  they  appear  in 
the  procedure  deck  (Section  11.2.2.2).  In  order  to  successfully  override  the  procedure  deck  speci- 
fications, the  defining  cards  must  appear  in  the  same  order  after  the  //  EXEC  NASTRAN  card. 

In  addition,  the  user  may  wish  to  use  any  of  the  remaining  FORTRAN  units  not  referenced  in 
the  procedure  deck.  These  are  needed  when  using  the  INPUTT2  and/or  0UTPUT2  OMAP  utilities  (User's 
Guide,  Section  15;  User's  Manual,  Section  5.3.2)  and  when  running  substructuring  problems  (User's 
Guide,  Section  7;  User's  Manual,  Section  2.7).  The  FORTRAN  units  available  for  use  are  FTOPiOOl, 
FT03F001 , FT08F001-FT13F001 , and  FT15F001-FT23F001 . Control  cards  defining  these  units  must  appear 
after  the  aforeaientloned  set  of  procedure  deck  override  cards. 

Generally,  NASTRAN  permanent  files  (except  for  the  plot  tape  PLT2)  may  be  located  on  user- 
assigned  disk  packs  insi  ' of  on  tape.  If  the  user  wishes  to  store  any  such  file  on  disk,  he  must 
specify  FILES-xxx  (xxx>INP.  ...,UMF)  on  the  NASTRAN  card  (User's  Guide,  Section  6). 
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11.2.2.5  NASTRAN  OtU  DMk 

TNt  NASTRAN  dau  deck  Mst  be  preceded  by  the  following  cord: 

//NS.SYSIN  DO  * 

There  Mist  be  at  least  one  blank  space  on  either  side  of  "DO." 

11.2.2.6  /*  Card 

The  data  deck  Must  be  followed  by  one  dellniter  card  with  ”/**  punched  In  coluens  1 and  2. 
11.2.3  Exawolas 

This  section  presents  a number  of  examples  which  Illustrate  the  deck  of  control  cards  needed 
to  successfully  execute  NASTRAN  for  a variety  of  problems.  These  examples  are  annotated.  However, 
because  of  the  volume  of  the  text,  notations  made  for  a given  example  are  not  repeated  on  sub- 
saguent  exmples.  Therefore,  If  a card  In  some  exmnple  Is  not  understood.  It  will  be  necessary 
to  refer  to  an  earlier  example  where  the  card  is  annotated.  The  examples  are  organised  as  shown 
In  Table  4.  Table  5 Identifies  the  key  features  of  each  example. 

11.2.3.1  Example  1 • Standard 

1 . //NASTRAN  JfB 

2.  Instream  Procedure  Deck 

3.  //  EXEC  NASTRAN 

4.  //NS.SYSIN  DO  * 

5.  NASTRAN  Input  Deck 

6.  /* 

Notes:  1. 

2. 

3. 

4. 

5. 

6. 


See  Section  11.2.2.1. 

See  Section  11.2.2.2. 

See  Section  11.2.2.3. 

Identifies  the  following  cards  as  NASTRAN  Input  data. 
See  Section  11.2.2.S. 

See  Section  11.2.2.6. 


• 

'» ' t 
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Table  4.  Organization  of  the  Examples. 


Example 

Description 

1-2 

Non-restart  runs 

3-4 

Restart  runs 

5-6 

Runs  using  Substructure  Operating  Files 

7-8 

Runs  perfonalng  data  transmission  to/from  other  programs 

9-10 

Runs  using  the  User's  Master  File 

Table  5.  NASTRAN  Key  Features  in  Control  Card  Examples. 


Example 

Number 

Feature 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Plot 

X 

X 

Checkpoint 

X 

Restart 

X 

X 

Substructuring 

X 

X 

Data  Transmission 

X 

X 

User's  Master  File 

X 

X 

INPl INP9.1NPT 

X 

NPTP 

X 

j 

X 

iPTP 

X 

PIT2 

X 

X 

UMF 

X 

X 

FTxxFOOl 

X 

X 

X 
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11.2.3.2  Example  2 • Standard,  with  Plotting 

1.  //  EXEC  NASTRAN 

2 . //NS . PLT2  DD  UN IT-2400. LABEL- ( .NL) .DSN-PLBT360 . 
//  DC6-(BLKSIZE-240O.RECF(4iU.B*JFN0-1 ) . 

//  DISP-(NEW.KEEP) 

3.  //NS.SYSIN  DD  * 


Notes:  2.  Defines  the  plot  tape.  The  PLT2  DD  card  In  the  procedure 
deck  Is  overriden.  If  the  NASTRAN  General  Purpose  Plotter 
Is  used,  the  OCB  parameters  should  be  as  follows: 

DCB-( BLKSI2E-3000 .RECFM-F.8UFNB-1 ) 


11.2.3.3  Example  3 - Very  Large  Model,  with  Checkpoint  and  Plotting 


1.  //  EXEC  NASTRAN,R-600K.T-200.P1-5,P2-5.S1-10, 

//  S2-10.T1-10.T2-10 

2.  //NS.NPTP  DD  UNIT-2400, LABEL-(,NL),DSN-NPTP360, 

//  DISP-(NEW.KEEP) 

3.  //NS.PLT2  00  UNIT-240O,LABEL-(.NL).0SN-PLBT360, 

//  OCB-(BLKSIZE«24OO.RECFM-U,BUFN0-1 ) , 

//  DISP-(NEW.KEEP) 

4.  //NS.SYSIN  DO  * 

Notes:  1.  Procedure  deck  pararwters  are  redefined  to  provide  larger 
region  size,  longer  execution  time,  and  more  scratch  file 
space  (Section  11.2.2.2). 

2.  Overrides  NPTP  DO  card.  DCB  parameters  are  Internally 
generated. 

3.  Overrides  PLT2  DO  card.  Notice  that  NPTP  and  PLT2  cards 
are  placed  In  same  order  as  In  procedure  deck  (Table  2). 

11.2.3.4  Example  4 • Restart 

1.  //  EXEC  NASTRAN 

2.  //NS.0PTP  DO  UNIT-2400,  V#L-SER-xxxxxx , 

LABEL-( ,NL) ,OSN-NPTP36O,OISP-0LO 

3.  //NS.SYSIN  DD  * 
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NotM;  2.  OvtrrIdM  OPTP  00  card  in  procedure  deck.  NASTRAN  buffer  size  must  be 
same  as  In  run  which  generated  OPTP.xxxxx*  Is  Installation  assigned. 


11.2.3.5  Example  5 - Substructuring,  Initial  S0f  Creation,  Checkpoint 


1.  //  EXEC  NASTRAN 

2.  //NS.NPTP  00  UNIT»2400,LABEL»(,NL),OSN"NPTP360 

II  0ISP»(NEM,''.EEP) 

3.  //NS.FT02F001  DO  UNIT-231 4, VOL-SER-xxxxxx, 

H DSN-S0F1 ,SPACE-(TRK.(500) ) , 

//  DCB-BOFN0-1 ,0ISP-(NEW,KEEP) 

4.  //NS. SYS IN  DO  * 

5.  SBF(1)-FT02,,NEW 

Notes:  3.  Allocates  FORTRAN  Unit  number  2 on  a disk  pack  for  use  as  a new  SOF. 

xxxxi'x  Is  Installation  assigned.  This  car-d  Is  placed  after  the  NPTP 
override  card. 


5.  References  FORTRAN  Unit  number  2 In  the  Substructure  Control  Deck 
Size  of  SOF  Is  defined  In  SPACE  field  on  JCL  card. 


11.2.3.6  Example  6 - Substructuring,  Multiple  SOF's 


1 . //  EXEC  NASTRAN 

2.  //NS.FT02F001  00  UNIT-2314, VOl-SER-xxxxxx, 

//  DSN-SOFl .DISP-OLO 

3.  //NS.FT03F001  00  UNIT-3314, VOL-SER-xxxxxx , 

//  DSM-SOF2,SPACE-(TRK,(1000)), 

//  0CB-BUFN0-1,0ISP-(NEW,KEEP) 

4.  //NS.SYSIN  00  * 

5.  S0F(i)-FT02 

6.  S0F(2)-FT03 


Notes:  2.  JCL  for  SOF  created  In  previous  run.  NASTRAN  buffer  size  must 
be  the  same 

3.  Allocates  FORTRAN  Unit  number  3 on  a disk  pack  for  use  as 
extended  SOF  space. 

5.  References  FORTRAN  Unit  nunber  2 In  the  Substructure  Control 
Oeck. 
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6.  References  FORTRAN  Uhit  nunter  3 In  the  Substructure  Central 

Sst'n^pKIJT^'*  •*<«»<«*»  <<"  ftct. 


n.2.3.7  Example  7 - User  Tape  Input 


1 . //  EXEC  NASTRAN 

2.  //MS.INPT  DO  UNIT«2400,VRL*SER*xxxxxx. LABEL* (,NL)t 
//  DSN-INPT36O.OISP-0LD 

3.  //NS.SYSIN  DO  * 


notes: 


werrldes  INPT  DO  card  in  procedure  deck.  ni>*  is  usto  as 
Input  to  INPUni  module  (UM  5.3.2).  Could  also  t4  !n”td  tape 
atUched  for  output  via  OUTPUT!  module  (UM  5.3.2).  Other  ^ 
file  names  that  can  be  used  are  INP1{1»1,9). 


11.2.3.8  Example  8 - User  Tape  Output 

1.  //  EXEC  NASTRAN 

2.  //NS.FT19F001  00  UNIT=24OO,V0L*SER*xxxxxXtLABEL*(  ,NL) , 

//  DSN»USER3t0,DCB»(BLKS!ZE»8190,RECFM*VS) , 

//  OISP«(NEW,KEEP) 

3.  //NS.SYSIN  DO  * 


Notes:  2. 


Definition  of  additional  FORTRAN  unit  to  be  used  by  0UTPUT2 

module  (UM  5.3.2).  The  number  19  will  appear  In  the  appropriate 
location  In  the  0UTPUT2  OMAP  statement.  eppropriate 


11.2.3.9  Example  9 - Demo  Driver  Decks  and  UMF  Tape 


1.  //  EXEC  NASTRAN 

2.  //NS. UMF  DD  UNIT*2400.VOL*SER*xxxxxx,LABEL*(,BLP), 

//  DSN-UMF  »0CB«0EN>2 .OISP-OLO 

3.  //NS.SYSIN  00  UNIT-2314. VOL-SER-xxxxxx, 

//  OSN-XLJLR. UMF. DRIVER. L1750.0ATA(010120), 

//  DCB-BUFNO-1 .OISP-SHR 

/* 


Notes:  2.  Overrides  the  UMF  00  card  to  reference  the  UMF  tape. 


3. 


^ reference  the  Driver  Deck  ’ 
file.  Demo  problem  D10120  (member  name)  Is  used  as  an 
example.  Notice  that  no  Instream  bulk  data  cards  are  requ1r« 
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11.2.3.10  ExMfil*  10  - UNF  HI#  o«  Oltk 

1.  //  EXEC  NASTNM 

2.  //HS.UNF  DO  UNIT-2314, VIL-SER-xxxxxx. 

//  0SH-XLJU1.UHF.BULK.L1750.04TA.DISP-SHR 

3.  //NS.SVSIN  DO  * 

4.  NASTMN  FILES-UNF 

5.  (NASTRAN  Executive  Control  nnd  Case  Control  decks.} 

6.  BEGIN  BULK 

7.  ENOOATA 

8.  /* 


Notes:  2.  Overrides  the  UNF  DO  card  to  reference  UMF  disk  file. 

4.  Reeulred  to  signal  to  NASTRAN  that  UNF  resides  on  disk. 

S thru  7.  Executive  Control  deck.  Case  Control  deck,  BEGIN  mic  card,  and 
ENOOATA  card  are  required,  but  no  Bulk  Data  deck  Is  rewired. 

Neference  Mist  be  made  to  UMF  deck  In  Executive  Control. 
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11.3  NASTRAN  ON  THE  UNIVAC  1108/1110  (EXEC  8)  | 

i 

11*3. 1 Dtcic  Orgawlntloii  Su— ary 

This  stction  describes  hoe  the  NASTRAN  Input  deck  (Including  control  cards)  must  be  set  up 
for  operation  on  the  UNIVAC  hardkiare  (Progranner's  Manual , Section  5.4).  The  overall  organiza- 
tion of  the  deck  is  shown  in  the  table  below.  Each  item  in  the  table  is  described  in  Section 
11.3.2  in  the  following  text.  Section  11.3.3  explains  the  procedure  to  catalog  NASTRAN.  Many 
examples  of  common  deck  set-ups  are  presented  in  Section  11.3.4. 

Table  1.  Organization  of  the  Input  Deck 


1 

RUN  card 

2 

DUAL  card 

3 

Control  cards  for  tapes 

4 

Control  cards  for  heading 
and  Link  1 

5 

NASTRAN  data  deck 

6 

Control  card  for  Links  2-99 

7 

FIN  card 

Throughout  this  section,  the  NASTRAN  program  is  assumed  to  be  cataloged  on  FASTRAND.  If 

NASTRAN  is  stored  on  tape  instead,  it  will  be  necessary  to  catalog  it.  Section  11. j. 3 explains 
this  procedure. 

Many  control  cards  are  exemplified  in  this  section.  In  all  cases,  they  begin  with  the  symbol 
8 . This  symbol  (a  7/8  multi-punch)  must  be  punched  in  column  one  of  the  control  card.  An 

alphanwMric  string  of  characters  always  iamtediately  follows  this  symbol,  beginning  in  card  column 
two. 


1'*3.2  Descriptions  of  the  Input  Pack 
11.3.2.1  RUN  Card 

The  RUN  card  identifies  the  run  and  furnishes  parameters  necessary  for  scheduling  and  account- 
ing purposes.  It  is  insUllation-dependent;  therefore,  check  with  cognizant  personnel  at  your 
installation  for  the  proper  usage. 


i 
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11.3.2.2  QUAL  Card 


Tha  QUAL  card  1$  ustd  to  qualify  for  NASTRAN  tho  flit  nants  uhleh  art  rtftrtnctd  dOMnstrttai 
In  tht  Input  dock.  Tht  fomat  Is: 

fQUAL  quallfitr 

Rtplact  "quallflar"  with  tht  proptr  alphanumtrlc  string  In  ust  at  your  Installation.  This  string 
should  bt  prtctdtd  by  at  Itast  ont  blank  sotct. 


11.3.2.3  Control  Cards  for  Tapts 


No  tapts  art  rtquirtd  to  run  NASTRAN.  However.  If  the  user  wishes  to  checkpoint,  restart, 
plot  or  have  access  to  user  tapts.  etc.,  tapts  are  needed.  The  tape  units  which  may  bt  ustd  have 
been  assigned  by  the  system  utility  routine  NTAB$  (Programner's  Manual,  Section  5.4.2)  as  follows: 


P0RTRAN 

Unit 

No-isi. 


1-7 

8 

9 

10 

11 

13 

14 

15-23 

24-39 


External  Name 

Standard  units  assigned  for  operations 

•PTP  - Old  Problem  Tape  used  for  restart 

NPTP  - New  Problem  Tape  used  for  checkpointing 

UMF  - User  Master  File  used  for  Input 

NUMF  - New  User  Master  File  used  for  output 

PLT2  - Plot  tape  for  SC4020,  CALCiMP,  or  NASTPLT  Plots 

INPT  - User  tapts  for  Input  and/or  output 

INP1  (1"l-9)  - Available  for  user  tapts 

24-39  - Available  as  UT1-UT5  user  tapes 


These  units  will  bt  dynamically  assigned  by  NASTRAN  for  Internal  ust  unless  they  htvt  been 
previously  assigned  by  user-supplied  assign  cards.  The  user  supplied  tape  control  cards  must 
reference  the  external  name  as  shown  In  the  following  examples: 

•AS6.T  PLT2,T,tap«no  or  PAS6.T  25,T.tapeno 
Note  that  "tapeno"  mutt  be  replaced  with  the  reel  number  of  the  tape  to  be  used;  and  one  or  more 
blank  spaces  must  follow  “•ASG.T." 

When  executing  on  the  UNIVAC  1108/1110,  the  external  names  INPT  and  INP1  can  be  assigned  as 
user  tapes  and  referenced  via  the  companion  OMAP  utilities  (User's  Manual.  Section  5.3.2)  INPUTTl 


\ 
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Mid  fUTRUTI.  These  same  F0RTRAN  unit  numbers  (14-23)  plus  units  24-29  may  be  refdrmnced  directly 
u user  tapes  via  the  companion  DMAP  utilities  (User's  Manual,  Section  5.3.2)  INRUTT2  and  fUTRUTt. 
The  user  must,  however,  take  care  that  the  FpRTRAN  unit  number  reference  by  INPUTT1  and/or  fUTPUT 
ngi  also  be  referenced  by  IHPinT2  and/or  8UTPUT2  In  the  same  NASTRAN  run. 


11.3.2.4  Link  1 Card 

Two  cards  are  required  to  suppress  the  system  heading  on  each  page  of  output  and  to  Initiate 
the  execution  of  Link  1. 

8H0G.N 

8XQT  *NASTRAN.LINK1 


11.3.2.5  The  NASTRAN  Data  Deck 

This  Is  the  standard  NASTRAN  data  Input  consisting  of  the  Executive  Control  Deck,  the  Sub- 
structure Control  Deck  (optional),  the  Case  Control  Deck,  and  the  Bulk  Data  Deck.  (See  Sections 
5,  7,  8,  and  9 of  this  guide  for  details.) 

11.3.2.6  Other  Links 


A control  card  adds  about  1400  link  execution  cards  to  the  run  stream  from  a NASTRAN  progrM 
file.  These  cards  are  required  to  execute  Links  2 through  15  and  99  of  NASTRAN.  The  format  Is: 

PAOO  *NASTRAN . NAST  RAN 

One  or  more  blank  spaces  must  follow  "RADO".  Omitting  this  card  will  cause  NASTRAN  to  exit  after 
executing  Link  1 and  serve  as  an  economical  Input  data  check. 

11.3.2.7  The  FIN  Card 

The  FIN  card  Indicates  the  end  of  the  Input  deck.  The  format  Is: 

9FIN 


1 1 • 3. 3 Cetaloalno  the  NASTRAN  Program 


If  NASTRAN  Is  stored  on  tape  at  your  Installation,  It  will  be  necessary  to  copy  It  to  NASTRAN 

before  It  can  be  executed.  To  perform  this  task,  the  following  cards  should  replace  the  QUAL 

card  (Item  2)  in  the  Input  deck: 

•DELETE, C NASTRAN 
•DELETE ,C  NASTRAN. NASTRAN 
•AS6.UPR  NASTRAN. F//PfS/20 
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I 


MSG.T  ABSTAP.T.xvxxR* 

OCBPY.G  ABSTAP. .NASTRAN. 
fFREE  ABSTAP. 

^Replace  "xxxxx"  with  th<»  serial  number  of  the  tape. 

11.3.4  Examples 

This  section  presents  a number  of  examples  which  illustrate  the  deck  of  control  cards  needed 
to  successfully  execute  NASTRAN  for  a variety  of  problems.  These  examples  are  annotated.  However, 
because  of  the  volume  of  the  text,  notations  made  for  a given  example  are  not  repeated  on  subse- 
quent examples.  Therefore,  if  a card  in  some  example  is  not  understood,  it  will  be  necessary  to 
refer  to  an  earlier  example  where  the  card  is  annotated.  The  examples  are  organized  as  shown  in 
Table  2.  Table  3 identifies  the  key  features  of  each  example. 

11.3.4.1  Example  1 - Options  = none 

1 PRUN  

2 PQUAL  qualifier 

3 PHDG.N 

4 PXQT  ‘NASTRAN. LINKl 

(NASTRAN  DATA  DECK) 

5 PADO  ‘NASTRAN. NASTRAN 

6 PFIN 

Notes:  1.  Installation-dependent  RUN  card. 

2.  Replace  "qualifier"  with  the  proper  alphanumeric  string  in  use  at  your 
installation. 

3.  Suppress  system  heading  on  output  pages. 

4.  Add  control  card  to  Initiate  execution. 

5.  Add  control  cards  needed  for  NASTRAN  execution. 

6.  Terminates  run. 
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Tabit  2.  Organization  of  tha  Exanplas. 


Example 

Description 

1-4 

Non-restart  runs 

5-8 

Restart  runs 

9-14 

Runs  using  the  User's  Master  File 

15-17 

Runs  performing  data  transmission  to/from  other  programs 

18-19 

Substructuring  runs 

Table  3.  NASTRAN  Key  Features  In  Control  Card  Examples 


Feature 


Restart 

Checkpoint 

Plot 

User's  Master  File 
Data  Transmission 
Substructuring 


User  Tapes 

NPTP 

NUMF 

8PTP 

PLT2 

UMF 


12  3 


Example  Number 


5 S 7 8 9 10  11  12  M3 


IS  16 


SYSTEM  CONTROL  CAM)  DECKS 


11.3.4.2  Exaapit  2 - Options  « plot 

1 MUN  

2 iqiML  quollflor 

3 fASfi,T  PlT2,T,xxx*xM 

4 9X)T  •NASTRAH.LINKl 

5 (NASTRAN  Ooto  Dock) 

4 fAOO  «NASTRAN. NASTRAN 

7 triN 


Notos:  3.  This  cord  dtfines  the  plot  tope. 
nuMber  of  the  tope. 


Replace  "xxxxx"  with  the  reel 


11.3.4.3  Exoiiple  3 - Options  - checkpoint 

1 tRUN  

2 tqUAL  quollfler 

3 fASO.T  NPTP.T.xxxxxW 

4 4XQT  *NASTRAN.LINK1 

5 (NASTRAN  Ooto  Deck) 

6 lAOO  *NASTRAN. NASTRAN 

7 f FIN 


Notes:  3. 


This  cord  defines  the  New  Problem  Tope  (or  checkpoint  tope) 
Roploce  xxxxx  with  the  reel  number  of  the  tope. 


11.3.4.4  Example  4 - Options  • checkpoint,  plot 

1 MUN 

2.  fQUAL  qualifier 

3 PASO.T  NPTP.T.xxxxxW 

4 PAS8.T  PLT2.T,yyyyyW 

* fWT  «NASTRAN.LINK1 

4 (NASTRAN  OaU  Deck) 

7 «AOO  *NASTRAN.NASTRM 

• 4FIN 


1 

i 
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11.3.4.5  Example  5 - Options  ■ restart 


1 

8RUN 

• - - - 

2 

9QUAL 

qualifier 

3 

8AS6J 

DPTP.T.xxxxxR 

4 

§XQT 

•NASTRAN. LINK1 

5 

(NASTRAN  Data  Deck) 

6 

DADD 

•NASTRAN. NASTRAN 

7 

DFIN 

Notes: 

3.  This  card  defines  the  Old  Problem  Tape  1 
Replace  “xxxxx''  with  the  reel  number  of 

Example 

6 - Options 

= restart,  plot 

1 

DRUN 

- - - 

2 

DQUAL 

qualifier 

3 

DASG.T 

(!PTP,T,xxxxxR 

4 

0AS6.T 

PLT2,T,yyyyyW 

5 

DXQT 

•NASTRAN. LINKl 

6 

(NASTRAN  Data  Deck) 

7 

DADD 

•NASTRAN.NASTRAN 

8 

DFIN 

Example 

7 - Options 

■ restart,  checkpoint 

1 

DRUN 

- - - 

2 

DQUAL 

qualifier 

3 

DAS6.T 

NPTP,T,xxxxxH 

4 

DASG.T 

DPTP.T.yyyyyR 

5 

DXQT 

•NASTRAN.  LINKl 

6 

(NASTRAV  Data  Deck) 

7 

DADD 

•NASTRAN.NASTRAN 

8 

DFIN 
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11.3.4.8  Example  8 - Options  « restart,  checkpoint,  plot 


1 

0RUN 

- - - 

2 

0QUAL 

qualifier 

3 

0ASG,T 

MPTP,T,xxxxxW 

4 

8ASG,T 

0PTP,T,yyyyyR 

5 

8ASG,T 

PLT2,T,zzzzzW 

6 

eXQT 

*NASTRAN.LINK1 

7 

(NASTRAN 

Data  Deck) 

8 

8A0D 

•NASTRAN.  NASTR/ 

9 

9FIN 

Example  9 - Options  = create  a UMF 

1 

6RUN 

... 

2 

@QUAL 

qualifier 

3 

®ASG,T 

NUMF,T,xxxxxW 

4 

8XQT 

•NASTRAN.  LINKl 

5 

(NASTRAN  Data  Deck) 

6 

9ADD 

*NASTRAN.NASTW 

7 

8FIN 

Notes:  3.  This  card  identifies  the  tape  for  the  New  User's  Master  File 
Replace  "xxxxx"  with  the  serial  number  of  the  tape. 

11.3.4.10  Example  10  - Options  ■ edit  the  old  UMF  and  create  a new  UHF 


1 8RUN 

2 9QUAL  qualifier 

3 8AS6,T  NUMF,T,xxxxxM 

4 9ASG,T  DMF,T,yyyyyR 

5 RXQl  ‘NASTR/W.LINK1 

6 (NASTRAN  Data  Deck) 

7 MDO  *NASTRAN.  NASTRAN 

8 8FIN 

Notes:  3.  This  card  identifies  the  tape  for  the  User's  Master  File 

Replace  ■‘xxxxx*  with  the  serial  nunfcer  of  the  tape. 
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11.3.4.11  Example  11  - Options  • UMF 


§QUAL  qualifier 

0ASG.T  UMF.T.xxxxxR 

0XQT  *NASTRAN.LINK1 

(NASTRAN  Data  Deck) 

flftOO  *HASTRAH. NASTRAN 


11.3.4.12  Example  12  - Options  » UMF.  plot 


(9QUAL 


qualifier 


0ASG.T  PLT2.T.XXXXXW 

0ASG.T  UMF.T.xxxxxR 

§XQT  *NASTRAN..1NK1 

(NASTRAN  Data  Deck) 

@AD0  *NASTRAN.HASTRAN 


11.3.4.13  Example  13  - Options  « UMF.  checkpoint 


9QUAL 


qualifier 


0AS6.T  NPTP.T.xxxxxM 

8ASG.T  UMF.T.xxxxxR 

0XQT  *NASTRAN.LINK1 

(NASTRAN  Data  Deck) 

BADO  ‘NASTRAN. NASTRAN 
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11.3.4.14  - Example  14  - Options  - UMF,  checkpoint,  plot 


1 

9RUN 

- - - 

2 

0QUAL 

qual ifier 

3 

MSG.T 

NPTP  ,T  .xxxxxW 

4 

9ASG,T 

PLT2  ,T,yyyyyW 

5 

§ASG,T 

UHF.T.zzzzzR 

6 

0XQT 

♦NASTRAN.LINKl 

7 

(NASTRAN 

Data  Deck) 

8 

9ADD 

♦NASTRAN.  NASTRAN 

9 

8FIN 

Example  15  - Options  « user  tape  input 

1 

9RUN 

- — 

2 

§QUAL 

qualifier 

3 

9ASG.T 

INPT,T,xxxxxR 

4 

0XQT 

♦NASTRAN. LINK1 

5 

(NASTRAN  Data  Deck) 

6 

9ADD 

♦NASTRAN.  NASTRAN 

7 

9FIN 

Notes: 


3. 


the  serial  number  of  the  tape.  More  than  one  user  input  taoe  ma^ 
oe  used  In  a given  job.  Additional  tape  names  are  INP1, 


11.3.4.16  Example  16  - Options  * user  tape  output 


1 

DRUN 

... 

2 

9QUAL 

qualifier 

3 

9ASG.T 

INPl ,T iXxxxxM 

4 

9XQT 

♦NASTRAN. LINKl 

5 

(NASTRAN 

Data  Deck) 

6 

9ADD 

♦NASTRAN. NASTRAN 

7 

fFIN 

i 

i 

1 


I 


*1 

i 


j 


j 
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* 9<v»  Job.  Additional  ■ • n»*s  irTfllp’riSflSl"  ****  “•>'  *•  “^  <• 


11.3.4.17  ExuDle  17  - Options  . user  tape  Input  and  putput 


9QUAL 

8ASG.T 

MS6.T 


qualifier 

INP3,T,xxxxxW 

INP7,T,yyyyyR 

*NASTRAN.LINK1 


(NASTRAN  Data  Deck) 


•hastran.nastran 


11.3.4.18  Example  18  - Options  » new  SQF  on  disk 


8ASG.U 


NASTRAN 


qualifier 

INP1.F///1000 

*NASTRAN.LINK1 

FILES»INP1 


(other  NASTRAN  data  cards) 
S0F(1)  « INPl,40O,NEW 

(other  NASTRAN  data  cards) 
WOO  *NASTRAN.NASTRAN 


5.  The  specification  required  because  INPl  resides  on  disk. 

6.  S8F  declaration  In  the  Substructure  Control  Deck. 
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11.3.4.19  Exampl«  19  - Options  • old  S0F  on  tap«  • 

1 WUN  - - - 

Z 9QUAL  qualifier 

3 OASG.T  INPT.T.xxxxR 

4 9XQT  *NASTRAN.LINK1 

(NASTRAN  data  cards) 

5 SPF(1)“INPT,250 

(other  NASTRAN  data  cards) 

6 eADD  *NASTRAN.NASTRA.N 

7 9FIN 

Notes:  3.  This  card  Identifies  the  user's  SfF.  Replace  "xxxxx**  with 

the  serial  number  of  the  tape.  Additional  SOF's  (up  to  10)  are 
similarly  defined. 
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11.4  NASTRAK  ON  THE  CDC  6000/CYBER  (N0S  AND  N0S/8E) 

11-4.1  Organization  of  the  Input  Deck 

This  section  describes  the  organization  of  the  NASTRAN  Input  deck.  Table  1 lists 
the  items  appearing  In  the  overall  deck  setup. 

Table  1.  Organization  of  the  Input  Deck 


1 

J0B  description  cards 

2 

Control  cards  to  load  NASTRAN 

3 

Optional  tape  setup  cards 

4 

Execution  procedure  cards 

5 

NASTRAN  data  deck 

6 

E0R  and  E0F  cards 

Each  Item  In  the  table  Is  described  In  Section  11.4.2.  Several  examples  of  comnon  deck 
setups  are  presented  in  Section  11.4.3.  For  more  information  concerning  NASTRAN  on  the  CPC 
6000/CYBER,  see  Section  5.5  in  the  NASTRAN  Progranrier's  Manual. 

11.4.2  Descriptions  of  the  Input  Deck 

11.4.2.1  J0B  Description  Cards 

These  cards  vary  according  to  installation  and  whether  or  not  a terminal  Is  being  used.  A 

key  card  is  the  JiB  card.  It  contains  limits  on  core  size,  CPU  time.  If  time,  tapes,  and  pri- 
orities. 

11.4.2.2  Control  Cards  to  Load  NASTRAN 

NASTRAN  operates  as  15  separate  programs,  or  links,  under  the  m and  NBS/BE  operating 
systems.  These  15  files  may  be  stored  on  tape,  on  the  system  permanent  files,  or  on  private 
disk  packs.  These  options  may  vary  considerably  from  site  to  site. 

If  NASTRAN  exists  on  system  or  private  disk  files,  an  ATTACH  card  is  used  for  each  link. 

If  It  Is  stored  on  tape,  the  links  must  be  copied  separately  onto  random  access  devices. 
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Various  Mthods  sr#  ustd  to  accomplish  tho  latter,  depending  on  the  Installation.  Consult  the 
systems  progrwmer  or  NASTRAN  representative  for  assistance  in  this  case. 

If  the  user  has  a foreknowledge  of  which  NASTRAN  links  are  actually  needed  for  a given 
execution,  he  can  save  time  and  expense  by  attaching  or  copying  from  tape  only  the  required 
links. 


11.4.2.3  Optional  Tape  Setup  Cards 


^ regulred  to  run  NASTRAN.  However,  if  the  user  wishes  to  checkpoint,  restart, 

plot,  run  substructuring,  or  have  access  to  user  tapes,  etc.,  tapes,  or  their  disk  equivalents, 
are  required.  The  user  should  refer  to  the  Prograiiiner's  Nanual,  Section  5.5.2  and  5.5.4 
A*  A*  his  local  systems  personnel  for  additional  detail  concerning  the  procedures  for 
assigning  tapes  for  use  by  NASTRAN.  The  tapes  vfhich  are  available  to  the  user  are  as  follows: 


file  Ha— 

INP1  (1-T,1,2 9) 

UT1  (1-1  ,...,5) 

NPTP 

fPTP 

UNF 

PLT2 


Purpose 

User  tapes  referenced  by  OMAP  utility  modules  INPUTT1  and  0UTPUT1 
(U6  15,  UM  5.3.2) 

utility  modules  INPUTT2  and  0UTPUT2 

lUu  15,  UM  5. 3, 2) 

New  Problem  Tape  for  checkpointing 
Old  Problem  Tape  for  restarting 
User  Master  File 

Plot  tape  for  NASTRAN  General  Purpose  Plotter,  SC4020.  Calcomp. 
or  D080  plots 


^he  user  must  reference  these  file  names  in  his  job  control  deck  if  they  are  to  be  used 
on  a NASTRAN  run.  The  user  tapes  INP1  and  UTi  are  accessed  via  the  OMAP  parameter  P2  (UM  5.3.2) 
corresponding  to  the  specified  file  name. 

Substructure  runs  require  (1  to  10)  Substructure  Operating  Files.  These  also  must  be 
defined  by  control  cards  unless  they  are  being  used  only  for  scratch  purposes  within  the  run. 

The  logical  file  names  Mist  be  4 letters  in  length,  and  must  match  the  names  on  the  SfF  cards 
In  the  Suhstnicture  Control  Deck  (User's  Guide,  Section  7). 

Typical  fbrmats  of  the  tape/disk  control  cards  are: 


REQUEST  ,fPTP,NI.43S3.R»L 
RC$IEST  .PLT2  ,NI . (SAVE  .RING  ,NL 
AnACN(S0n  .ILDSIF . lO-xxx) 


)-tape 

)-d1sk 


1 

i 


i 
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i 

Th«se  requests  also  vary  with  the  local  operating  systew. 

11.4.2.4  Execution  Procedure  Cards 

Due  to  differences  In  link  switching,  the  execution  procedure  differs  between  the  N»S 
end  N#S/BE  operating  systems.  NfS,  at  most,  requires  only  RFL,  REDUCE,  and  execution  command 
cards,  as  follows: 

RFL (220000) 

REDUCE(-) 

LINKl, INPUT. 

Under  N#S/BE,  the  deck  setup  reads  In  a CYBER  C'*ntro1  Language  procedure  file,  and  transfers 
control  to  It  (see  Section  11.4.3). 


11.4.2.5  NASTRAN  Data  Deck 

This  Is  the  standard  NASTRAN  data  input  consisting  of  the  Executive  Control  Deck  (User’s 
Guide,  Section  6),  the  Substructure  Control  Deck  (User's  Guide,  Section  7),  the  Case  Control 
Deck  (User's  Guide,  Section  8).  and  the  Bulk  Data  Deck  (User's  Guide,  Section  9). 

11.4.2.6  EfR  and  EfF  Cards 

An  E#R  card  (7-8-9  multi-punch  In  column  1)  separates  all  Input  records  from  each  other 
and  from  the  system  control  cards.  An  EfF  card  (6-7-8-9  multi -punch  In  column  1)  terminates 
the  entire  deck. 

11.4.3  Examples 

The  following  examples  show  control  card  setups  for  using  NASTRAN  under  the  NfSand  NfS/ 

BE  operating  systems.  Accounting,  tape  results  and  plot  library  control  cards  may  vary  at 
different  Installations.  The  first  nine  deck  setups  illustrate  usage  on  NfS.  Example  10 
Illustrates  the  additional  task  that  needs  to  be  performed  »<hen  executing  under  NfS/BE.  Table  2 
Identifies  the  key  features  of  each  example. 
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Table  2.  Key  Feat>res  of  Examples. 


11-4.3.1  Example  1 - Simple  Load  and  Execute  (M(»S) 


1.  NASTRAN.T500.  j 

USER, ! 

CHARGE. 

DELIVER. ^ 

•--•ajMP  NASTRAN  FR0M  TAPE  T0  DISC 

2.  REQUEST(TAPE,NT,D-PE.LB-KU)NAST01 

3.  REWIND, TAPE.  ^ 

4.  CRPYBF.TAPE.LINKl. 

5.  C(|PYBF.TAPE.LINK2. 

6.  CaPYBF,TAPE.LINK3. 

7.  C9PYBF.TAPE.LINK4. 

8.  C9PYBF. TAPE. LINKS. 

9.  CDPYBF.TAPE.LINK6. 

10.  CDPYBF, TAPE. LINK/, 

11.  CBPYBF.TAPE.LINK8. 

12.  C9PYBF,TAPE,LINK9. 

13.  CiPYBF.TAPE.LINKlO. 

14.  C»PYBF.TAPE,LINK11.  , 

15.  CfPYBF.TAPE.LlNK12. 

16.  C»PYBF,TAPE.LINK13. 

17.  CDPYBF.TAPE.LINKU. 

18.  C#PYBF.TAPE.L1NK15. 

19.  RETURN, TAPE.  | 

•—EXECUTE  NASTRAN  ! 

20.  RFL( 220000) 

21.  REDUCE(-) 

22.  LINKl, INPUT.  ' 

23.  /E0R 

24.  (NASTRAN  INPUT  DATA) 

25.  /E#F  ^ 

Notes:  1.  Job  cards,  installation  dependent. 

••ei  » ’ 

2.  Tape  containing  15  NASTRAN  link  files  is  attached. 

3.  Make  sure  tape  is  rewound.  « | 
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4-18.  Copy  tape  to  15  Individual  temporary  disk  files. 

19.  Free  tape  drive  for  other  jobs. 

20.  Set  maximum  field  length  for  NASTRAN  execution. 

21.  Allows  NASTRAN  to  dynamically  alter  field  length. 

22.  Execute  NASTRAN  link  1.  Other  links  will  be  dynamically  executed. 

23.  End-of-record  (7-8-9  multi-punch  In  column  1).  Separates  system  control 
cards  from  NASTRAN  Input  deck. 

24.  NASTRAN  Input  data,  consisting  of  the  Executive  Control  Deck  (UG  6), 
the  Substructure  Control  Deck  (UG  7),  the  Case  Control  Deck  (UG  9). 
and  the  Bulk  Data  Deck  (UG  9). 

25.  End-of-flle  (6-7-S-9  multi -punch  in  column  1).  Job  Terminator. 


11.4.3.2  Example  2 - Checkpoint  and  Plot 


NASTRAN. T500. 

USER, 

CHARGE. 

DELIVER. 

•-DUMP  NASTRAN  FROM  TAPE  19  DISC 
REQUEST(TAPE,NT.D=PE,LB=KU)NAST01 
REWIND, TAPE. 

C9PYBF.TAPE.L1NK1. 

C0PYBF,TAPE,LINK2. 

C9PYBF,TAPE,LINK3. 

C0PYBF,TAPE,L1NK4. 

C0PYBF, TAPE, LINKS. 
C9PYBF,TAPE,LINK6. 
C9PYBF.TAPE.LINK7. 

CBPYBF,TAPE, LINKS. 

CBPYBF.TAPE,LINK9. 

COPYBF,TAPE,LINK10. 

CB?YBF,TAPE,LINK11. 

C0PYBF.TAPE.LTNK12. 

C(Ipybf.tape.lin;;;3. 

C(IPYBF,TAPE.LINK14. 

C9PYBF,TAPE,LINK15. 

RETURN. TAPE. 

•--TAPE  SETUP 
REQUEST(NPTP .NT .0«PE )SAVE 
REQUEST(PLT2.MT.HI)SAVE 
RFL( 220000) 

REOUCE(-) 

LINKl .INPUT. 

/EOR 

(NASTRAN  INPUT  DATA) 

/EOF 


Notes:  20.  Attach  NPTP  for  checkpointing. 

21.  Attach  7-track  PL12  for  plotting  using  the  SC4020,  Calcomp,  0080, 
or  NASTRAN  plotters. 
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n.4.3.3  Example  3 - Static  Analysis  Restart 


V 


1. 


2. 

3. 

4. 

5. 

6. 

7. 

8. 
9. 

10. 

11 

12. 

13. 

14. 

15. 

16. 


NASTRAN.T500. 

USER,— 

CHARGE 

DELIVER. 


” NASTRAM  files  needed  F0R  STATICS 
ATTACH  LINKl.NASTLINKl.ID-LRC) 
ATTACH(LrNK2.NASTLINK2 .ID-LRC) 

ATTACH ( L INK4 , NASTL INK4 .ID-LRC) 
AnACH(LINK5.NASTLINK5 . ID-LRC) 

ATTACH  LINK8.NASTLINK8. ID-LRC) 

AHACH  ( L INKl  2 .NASTL  INKl  2 , ID-LRC ) 

ATTACH ( L INKl 3 .NASTL INKl 3 , ID-LRC ) 

ATTACH ( L INKl 4 .NASTL INKl 4 , ID-LRC 
•--TAPE  SETUP 

REQUEST(0PTP,NT,O-PE)VSN-xxxxxx 
RFL( 220000) 

reduce;-) 

LINKl .INPUT. 

/m 


(NASTRAN  INPUT  DATA) 
/ERF 


Notes:  2-9. 

10. 


Links  needed  for  static  analysis  attached.  Reside  on  disk. 
Attach  RPTP  for  restart,  xxxxxx  is  installation  assigned. 


11.4.3.4  Example  4 - Restart  J Checkpoint  Using  Disk 


1.  NASTRAN. T500. 

USER, 

CHARGE 

DELIVER. 

•-DUMP  NASTRAN  FROM  TAPE  TR  DISC 

2 . REQUEST(TAPE .NT.D-PE ,LB-KU)NASTC1 

3.  REWIND, TAPE. 

4.  CRPYBF, TAPE. LINKl. 

5.  CRPYBF,TAPE.LINK2. 

6.  CRPYBF. TAPE. LINK3. 

7.  CRPYBF. TAPE. LINK4. 

8.  CRPYBF, TAPE.LINK5. 

9.  CRPYBF. TAPE. LINKS. 

10.  CRPYBF.TAPE.L1NK7. 

11.  CRPYBF. TAPE.L1NK8. 

’2.  CRPYBF, TAPE, L1NK9. 

13.  CRPYBF.TAPE.LINKIO. 

14.  CRPYBF.TAPE.LINKll. 

15.  CRPYBF, TAPE  .LINKl 2. 

16.  CRPYBF, TAPE.LINK13. 

17.  CRPYBF,  TAPE.  LINKl  4. 

18.  CRPYBF. TAPE  .LINKl  5. 

19.  RETURN, TAPE. 

•--TAPE/DISK  SETUP 

??'  JFQUESTfRPTP.NT ,0-PE)VSN-xxxxxx 

21.  REQUEST (NPTP.*PF) 

22.  RFL(220000) 

23.  reduce; -) 

24.  LINKl, INPUT. 

•-CATALRG  NEW  FILE 
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25.  CATALf6(MPTP,NEHPTAP,I0-LRC.RP-30) 

26.  /EfR 

27.  NASTRAN  FILES  » NPTP 

(NASTRAN  INPUT  DATA) 

28.  (REMAINING  NASTRAN  INPUT) 

29.  /E#F 


Notts:  21.  Request  NPTP  as  a permanent  flic  to  be  subsequently  cataloged. 
25.  Catalog  NPTP. 

27.  NASTRAN  card  must  have  FILES-NPTP.  as  NPTP  will  reside  OH  disk. 


11.4.3.5  Example  5 - Substructuring.  Initiate  S0F 


I 


1.  NASTRAN .T500. 

USER. 

CHARGE.  

DELIVER. 

♦—ATTACH  NASTRAN 

2.  AnACH(LINK1  .NASTLINK1  .lO-LRC) 

3.  AnACH(LINK2.NASTLINK2.I0»LRC) 

4.  AnACH(LINK3.NASTLINK3.ID-LRC) 

5.  AnACH(LINK4.NASTLINK4.ID-LRC) 

6.  ATTACH(LINK5.NASTLINK5.ID-LRC) 

7.  ATTACH(LINK6.NASTLINK6.ID-LRC) 

8.  AnACH(LINK7.NASTLINK7.ID«LRC) 

9.  ATTACH(LINK8.NASTLINK8.ID-LRC) 

10.  AnACH{LINK9.NASTLINK9.ID-LRC) 

11 . attach(linkio.nastlinkio.io-lrc) 

12.  AnACH{LINK11.NASTLINK11.ID-LRC) 

13.  AnACH(LINK12.NASTLINK12.IO-LRC) 

14.  AHACH  LINK13.NASTLINK13.I0-LRC) 

15.  AnACH(LINK14.NASTLINK14.I0-LRC) 

16.  AHACH(  LINK1 5 .NASTLINK1 5 . ID-LRC ) 

*— S#F  SETUP 

17.  REQUEST(S8F1.*PF) 

•-EXECUTE  NASTRAN 

18.  RFL(220000)  . 

19.  REOUCE(-)  1 

20.  LINK1 .INPUT. 

*-SiF  CATALBG 

21.  CnALgG(S#F1.NASTS#F1.ID-LRC,RP-30) 

22.  /EfR  * 

23.  (NASTRAN  INPUT)  1 

24.  SfF(1)-SfF1.500.NEH 

25.  (REMAINING  MSTRAN  INPUT) 

26.  /EfF 


Notes:  2>16.  Nastran  resides  on  permanent  files. 

17.  Request  SfFI  for  future  catalog. 

21 . Catalog  SfFI . 

24.  SfF  card  In  Substructure  Control  Deck  must  rofOronce  logical 
file  name  In  Job  Control  Deck  (UG  7).  NEM  oust  appear  on  card. 


11.4-7 


SYSTEM  CONTROL  CARO  DECKS 


11.4.3.6  Example  6 - Substructuring,  Extend  SfF 


1. 


2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 
21. 
22. 

23. 

24. 

25. 

26. 
27. 
28 
29. 


NASTRAN.TSOO. 

USER, 

CHARGE,  

DELIVER. 


*-DUMP  NASTRAN  FROM  TAPE  TR  DISC 
REQUEST(TAPE ,NT,0«PE ,LB»KU)NAST01 
REWIND,TAPE. 

CfPYBF,TAPE,LINK1. 

CdPYBF,TAPE,LINK2. 

CfPYBF,TAPE,LlNK3. 

CfPYBF,TAPE,LINK4. 

CiPYBF,TAPE,LINK5. 

CPPyBF,TAPE,LINK6. 

CfPYBF,TAPE,LINK7. 

CRPYBF,TAPE,LINK8. 

C0PVBF,TAPE,LINK9. 

CBPYBF,TAPE,LINK10. 

C9PYBF,TAPE,LINK11. 

CRPY8F,TAPE,LINK12. 


CBPYBF,TAPE,LINKl3. 

CBPYBF,TAPE,LINK14. 

C9PYBF,TAPE,LINK15. 

RETURMJAPE. 

*--SOF  SETUP 

AnACH(S0Fl  ,NASTS0F1  ,I0.LRC) 
RFL (220000) 

REDUCE(-) 

LiNKl, INPUT. 

*-S0F  EXTEND 
EXTENDfSRFl) 

.^E0R 

(NASTRAN  INPUT) 
SBF(1)-S0F1,5OO 
(REMAINING  NASTRAN  INPUT) 
/E0F 


Notes:  20.  Attach  permanent  file  containing  old  S0F. 

24.  Extend  S0F  to  save  nr*rly  written  data. 

27.  S0F  declaration  In  Substructure  Control  Deck. 


11.4.3.7  Example  7 - UMF  Run 


1. 


3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 


NASTRAN, T500. 

USER, 

CHARGE, 

DELIVER. 

■‘-DUMP  NASTRAN  FRC-M  TAPE  T«  DISC 
REQUEST(TAPE,NT,0»PE,LB»KU)NAST01 
REWIND, TAPE. 

C0PYBF,TAPE,LINK1. 

C»PYBF,TAPE,LINK2. 

C0PY3F,TAPE,LINK3. 

C#PYBF,TAPE,LINM. 

CpP'^F,  TAPE, LINKS. 
CfPYBF,TAPE,LINK6. 
CiPYBF,TAPE,LINK7. 


4 
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n.  CBPYBF.TAPE, LINKS. 

12.  C9PYBFJAPE.LINK9. 

13.  CBPYBF.TAPE.LINKIO. 

14.  CBPYBF.TAPE.LINKll. 

15.  C||PYBF,TAPE,LINK12. 

16.  CBPYBF.TAPE.LINK13. 

17.  C0PYBF.TAPE.LINK14. 

18.  CBPYBFJAPE.LINK15. 

19.  RETURN, TAPE. 

*-SET  UP  UMF  TAPE 

20.  REQUEST(Ui<F,NT,D=PE)VSN=xxxxxx 
•-EXECUTE  NASTRAN 

21.  RFL( 220000) 

22.  REDUCE(-) 

23.  LINK1, INPUT. 

24.  /E9R 

25.  (NASTRAN  INPUT  DATA) 

26.  /EBF 


Notes:  20.  UMF  tape  set  up.  Reference  is  made  to  it  in  the  Executive 

Control  Deck  of  the  NASTRAN  input  (UG  6). 


11.4.3.8  Example  8 - Executive  Demonstration  Problems  1-1-1  and  1-1-1A. 

These  problems  test  Statistics  Rigid  Format  #1  and  the  restart  code,  and  use  the  User 
Master  File  to  obtain  bulk  data.  Note  that  the  PUNCH  file,  which  contains  restart  table  data, 
must  be  PACKed  to  el ir  late  record  marks  (7-8-9  cards)  within  the  file. 


1.  NA'  AN,T500. 

U'  

C aRGE, 

2.  RtQUEST(TAPE.NT.D=PE,LB=KU)NAST01 

3.  REWIND, TAPE 

4.  C0PYBF,TAPE,LINK1. 

5.  C9PYBF,TAPE,LINK2. 

6.  CBPYBF,TAPE.LINK3. 

7.  CBPYBF,TAPE,LINK4. 

8.  C9PYBF, TAPE, LINKS 

9.  C9PYBF,TAPE,LINK6 

10.  C9PYBF, TAPE, LINK? 

11.  CBPYBF.TAPE, LINKS 

12.  CBPYBF,TAPE,LINK9 

13.  C|PYBF,TAPE,L1NK10 

14.  CBPYBF,TAPE,LINK11 

15.  C0PYBF,TAPE,L1NK12 

16.  C(JPYBF,TAPE.LINK13 

17.  CBPYBF,TAPE,LINK14 

18.  C9PYBF,TAPE,LINK15 

19.  return, TAPE. 

•-GET  THE  UMF  AND  DRIVER  DECKS 

20 . REQUEST (TAPE .NT ,0*PE ,LB=KU)NAST03 

21.  CBPYPF, TAPE, UMF. 

22.  CaPYBF,TAPE,(»lOPL. 

23.  REW1ND,UMF. 

24.  RETURN, TAPE. 

•--UPDATE  A DRIVER  DECK  AND  EXECUTE 

25.  UPDATE, Q,C*NAS0ATA. 

26.  RFL (220000) 


11.4-9 


SYSTEM  CONTROL  CARO  DECKS 


i 

t 


27.  REDUCE(-) 

28.  LINK1 .NASDATA. 

29.  REDUCE 

♦-PROCESS  FILES  FOR  RESTART 

30.  REWIND, NPTP.PUNCH.UMF. 

31  PACK. PUNCH. 

32.  RETURN.  ML. 

33.  RENAME ,9PTP-NPTP. 

^-UPDATE  SECOND  DRIVER  DECK  AND  EXECUTE 

34.  UPDATE ,Q,C*NASOATA. 

35.  RFL( 220000) 

36.  REDUCE(-) 

37.  LINKl .NASDATA. 

38.  /E0R 

39.  *C  DOClOll 

40.  /EOR 

41.  *C  DOCIOIIA 

42.  *I  D0CI011A.3 

43.  ‘READ  PUNCH 

44.  /EOF 


Notes;  20.  Attach  tape  containing  UMF  and  UMF  Driver  Decks. 


21.  Copy  UMF  to  permanent  file. 

22.  Copy  UMF  Driver  Decks  to  OLOPL  for  CDC  UPDATE  utility. 

25.  Obtain  driver  deck  for  input  into  NASTRAN. 

28.  NASTRAN  execution.  Input  found  on  file  NASDATA,  generated 
by  update. 

29.  Turn  over  control  of  field  length  to  system. 

31.  Pack  punch  file  containing  checkpoint  dictionary. 

32.  Scratch  previous  NASTRAN  POOL  file. 

33.  Old  NPTP  is  now  new  OPTP. 

34.  Obtain  follow-up  driver  deck  for  input  into  NASTRAN. 

37.  Execute  NASTRAN  a second  time. 

39.  UPDATE  command  to  place  driver  deck  DDC1011  onto  UPDATE 

compile  file.  j 

i 

42-43.  Checkpoint  dicitionary  residing  on  file  PUNCH  is  inserted  1 

into  driver  deck  00C1011A  for  restart  purposes. 


11.4.3.9  Example  9 - Data  Transmission 


1.  NASTRAN. T500. 

USER. 

CHARGE, 

DELIVER.  

‘-DUMP  NASTRAN  FROM  TAPE  TO  DISC 

2 . REQUEST( TAPE .NT.O-PE ,LB-KU)NAST- 1 

3.  RENIND.TAPE. 

4.  copybf.tape.linki. 

5.  C0PYBF,TAPE.LINK2. 
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6.  CPPYBF.TAPE.LINK3. 

7.  C|>PYBF,TAPE,LINK4. 

8.  CBPYBF.TAPE, LINKS. 

9.  CBPYBF, TAPE, LINKS. 

10.  C0PYBF.TAPE.LINK7. 

11.  CBPYBF.TAPE. LINKS. 

12.  C0PYBF.TAPE.LINK9. 

13.  CBPYBF.TAPE.LINKIO. 

14.  qiPYBF.TAPE.LINKII. 

15.  C||PYBF,TAPE,LINK12. 

16.  CBPYBF.TAPE.LINK13. 

17.  CBPYBF,TAPE,LINK14. 

18.  CBPYBF.TAPE.LINK15. 

19.  RETURN, TAPE. 

*-USER  TAPE  SETUP 

20.  REQUEST(INPT,NT,D=PE)7SN,xxxxxx 

21.  REQUEST(UT5,NT,0*PE)SAVE 
‘-EXECUTE  NASTRAN 

22.  RFL (220000) 

23.  REOUCE(-) 

24.  LINKl,  INPUT. 

25.  /E0R 

26.  (NASTRAN  INPUT  DATA) 

27.  /E0F 


Notes;  20.  Requests  user  tape  to  be  read  by  OMAP  utility  INPUTT1 
(UM  5.3.2) 

21.  Requests  user  tape  to  be  written  on  by  DMAP  utility 
0UTPUT2  (UH  5.3.2).  FORTRAN  unit  15  is  implied. 


11.4.3.10  Example  10  - Execution  under  N0S/BE 


1.  NASTRAN, T500. 

USER,  

CHARGb  ------- 

2.  REQUEST(TAPE,NT,D-PE,LB*KU,F=SI)NAST01 

3.  REWIND, TAPE. 

4.  C0PYBF, TAPE, LINKl. 

5.  C0PYBF,TAPE,LINK2. 

6.  C0PYBF,TAPE,LINK3. 

7.  C0PYBF,TAPE,LINK4. 

8.  C0PYBF,TAPE,LINK5. 

9.  C0PYBF, TAPE, LINKS. 

10.  C0PYBF,TAPE,LINK7. 

11.  C0PYBF,TAPE,LINK8. 

12.  C0PYBF,TAPE,LINK9. 

13.  C0PYiBF,TAPE,LINKlO. 

14.  C0PYBF, TAPE, LINKl  1. 

15.  CBPYBF,TAPE,LINK12. 

16.  C0PYBF, TAPE, LINKl 3. 

17.  C0PYBF,TAPE,LINK14. 

18.  C0PYBF, TAPE, LINKl  5. 

19.  RETURN  .TAPE. 

♦-READ  AND  EXECUTE  NASTRAN  PR0C. 

20.  CIPYCR, INPUT .NASTRAN 

21.  BEGIN. NASTRAN .NASTRAN. 

22.  /E0R 

23 . . PRiC .NASTRAN , RFL-200000 , INPUT-  .0UTPUT-  .PUNCH- . 

24.  IRFL.RFL. 

25.  LINKI.INPUT.fUTPUT.PUNCH. 
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26.  WHILE, RIG. EQ.O.REPEAT. 

27.  BEGIN, NEXT .TAPE99. 

28.  ENOW (REPEAT) 

29.  REVERT. 

30  EXIT. 

31 . REVERT  (ABORT) 

32.  /EOR 

33.  NASTRAN  SVSTEM(76)-1 

34.  (NASTRAN  INPUT  DATA) 

35.  /EOF 

Notes:  20.  CYBER  Control  Language  Procedure  File  (CCL  Proc) 

is  copied  to  file  NASTRAN. 

21.  Transfer  control  to  file  NASTRAN. 

23-31.  CCL  Proc. 


33.  SYSTEM(76)  must  be  set  equal  to  1 on  the  NASTRAN  card 
to  Inform  NASTRAN  of  N0S/BE  operating  system. 
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12.1  NASTRAN  NEWSLEHER 


Periodically,  the  NASTRAN  Newsletter  Is  published  to  provide  NASTRAN  users  with  timely  Infflr- 
inatlon  on  the  development  of  new  capability.  Software  Problem  Reports  (SPR)«  Oocunentatlon  Error 
Reports  (DER),  and  user's  experiences.  The  Newsletter  is  free  and  may  be  subscribed  to  by  writing 
COSMIC  at  the  following  address: 

Computer  Software  Management 
and  Information  Center 
University  of  Georgia 
Suite  112,  Barrow  Hall 
Athens,  Georgia  30603 

Telephone:  (404)  542-3265 

A blank  form  to  be  used  In  subscribing  Is  shown  in  Figure  1.  The  Information  requested  on  this 
form  Is  used  by  COSMIC  to  help  them  provide  better  service  to  all  NASTRAN  users. 
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IMPROVEMENT  (Continuad 


Figure  1.  Application  to  receive  NASTRAN  Newsletter  (cont'd). 


) SJLN3MN03 


Figure  1 Application  to  receive  KASTRAN  Newsletter  (cont'd). 


SOFTWARE  PROBLEM  REPORT  (SPR)  LOG 


12.2  SORWARE  PROBLEM  REPORT  (SPR)  LOG 

Another  service  called  the  Software  Problem  Report  (SPR)  Log  is  also  provided  by  COSMIC  as 
part  of  their  NASTRAN  maintenance  service.  This  log  is  available  to  all  interested  users  by 
writing  to  COSMIC.  The  SPR  Log  is  essentially  a working  document  whose  primary  value  lies  In  Its 
currency.  For  this  reason,  it  is  continuously  updated  and  published  at  frequent  intervals. 

The  user  is  encouraged  to  submit  SPRs  to  COSMIC  as  a service  to  all  other  users  of  NASTRAN. 
The  recommended  procedures  for  doing  so  are  presented  in  Section  12.4. 
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12.3  NASTRAN  USER'S  COLLOQUIUM 

More  formal  reports  on  application  and  development  of  NASTRAN  have  been  published  by  NASA 
following  each  NASTRAN  User's  Colloquium  held  at  various  NASA  centers  around  the  country.  The 
Colloquium  proceedings  now  available  are  entitled: 

"NASTRAN:  USER'S  EXPERIENCES" 

1.  NASA  TM  X-2378.  September.  1971 

2.  NASA  TH  X-2637,  September,  1972 

3.  NASA  TM  X-2893,  September,  1973 

4.  NASA  TM  X-3278.  September.  1975 

5.  NASA  TM  X-3428,  October,  1976 


"SIXTH  USER'S  COLLOQUIUM" 

6.  NASA  CP-2018,  October,  1977 

"SEVENTH  USER'S  COLLOQUIUM" 

7.  NASA  CP-2062,  October  1978 

These  proceedings  may  be  obtained  at  modest  cost  from: 

National  Technical  Information  Service 
Springfield,  Virginia  22151 
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12.4  SPR  SUBMIHAL 

It  'IS  a goal  that  every  NASTRAN  run  terminate  with  either  correct  results  or  a user-oriented 
message  describing  the  difficulties  encountered.  Progress  towards  this  goal  Is  made  by  means  of 
user- submitted  materials  describing  software  problems.  Figure  1 shows  the  standard  SPR  submittal 
form. 

The  following  guidelines  are  recommended  so  that  each  Software  Problem  Report  (SPR)  can  be 
efficiently  handled. 

1.  If  you  suspect  an  error,  first  try  to  determine  if  the  error  is  already  known.  An  SPR 
log  Is  available  through  COSMIC  which  lists  known  errors.  This  log  Is  Indexed  by 
module  and  often  contains  a suggested  user  avoidance  procedure. 

2.  If  the  malfunction  Involves  a computer- dependent  termination,  such  as  system  abends  on 
the  IBM  360  or  error  modes  on  the  CDC  and  UNIVAC  computers,  consult  first  with  your  own 
programming  operations  staff  for  possible  job  set-up  errors. 

3.  Having  decided  that  the  problem  Is  caused  by  an  unknown  malfunction  In  NASTRAN,  and  If 
you  have  programmers  available,  attempt  to  determine  the  cause  by  consulting  them  and 
the  listings.  The  best  error  submittal  is  one  which  contains  a run  which  exemplifies 
a stated  error  and  contains  a suggested  program  correction  along  with  the  statement. 

"He  tried  this  fix  and  It  worked,"  or  even  "We  tried  this  and  it  didn't  work." 

4.  Having  exhausted  your  own  resources,  consider  sending  the  run  to  COSMIC  for  further 
Investigation.  If  you  consider  this  approach,  be  sure  that  the  run  has  as  much 
diagnostic  data  as  possible.  In  particular,  be  sure  that  DIAG's  1,2,  3,  8,  13,  IS, 

16  (for  Inverse  power  problems),  and  19  were  on  and  that  a dump  was  taken.  Be  sure  to 
Include  an  echo  of  all.  the  Input  data  and  the  Run  Log  (the  day  file  (COC),  Log  (UNIVAC), 
or  FT04  (IBM)).  If  this  data  is  not  available,  please  rerun  the  Job  to  obtain  It.  You 
should  also  take  the  time  to  describe  the  circumstances  surrounding  the  run,  I.e.,  "I 
changed  this  one  card  from  when  It  ran  before,"  etc.  A complete  NASTRAN  data  deck  In 
card  form  should  also  be  submitted,  because  later  testing  and  other  reruns  may  need 
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to  be  made.  If  plots  have  been  made,  send  copies  of  them.  If  user  tapes  are  Involved, 
dump  them  and  send  the  dump.  Be  sure  to  give  your  name,  address,  phone  number,  and  as 
precise  a description  of  the  difficulty  as  you  can. 

If  you  take  the  time  to  follow  these  guidelines.  COSMIC  will  be  able  to  respond  to  SRRs  more 
quickly  and  more  economically.  The  processing  of  SPRs  can  be  delayed  for  extended  periods  when 
insufficient  information  is  submitted  to  permit  prompt  identification  and  correction  of  the 
reported  error. 
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Originator:  _ 
Organization: 


Address : 


Phone  No . : 


NSHO  Use 


SPR  No. 
Priority 
Date  Rec'd. 
Date  Assigned 


Materials  Submitted: 


( ) Output:  Ru 

( ) Deck 
( ) Plots 
( ) Letter 
( ) Dump 
( ) Traceback 

( ) Fix:  

( ) Program  Listing 
( ) Link  Map  Listing 
{ ) Other:  


Level : 

Computer:  

Rigid  Format: 

Error  Message: 

Module:  

Subroutine(s) : 


D OispO  HeatD  Aero 

or  D OMAP  Q Alters 


Avoidance  (if  known): 


Description: 


Estimate  correction  effort  (if  known): 


NSMO  Use 


Level  Fixed 
Test  Problem 
Verified  by  NSMO  : 


Figure  1.  NASTRAN  Software  Problem  Report  (SPR) 
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It  Is  #lso  a goal  of  COSMIC  to  supply  the  user  with  complete  and  accurate  documentation  to 
facilitate  the  application  and  development  of  NASTRAN.  Even  though  COSMIC  carefully  edits  all 
documentation,  errors  of  commission  and  errors  of  omission  do  occur.  COSMIC  recognizes, 
however,  that  it  Is  the  user  who  ultimately  puts  the  documentation  to  Its  most  severe  test. 
Therefore.  COSMIC  welcomes  all  user  reports  of  documentation  errors.  Valid  errors  will  be 
reported  to  other  users  via  the  NASTRAN  Newsletter. 

A sainple  DER  form  Is  shown  In  Figure  1.  The  user  Is  encouraged  to  submit  this  form  to  COSMIC 
along  with  a copy  of  the  documentation  page  with  annotations  to  Indicate  the  error.  If  appropriate, 
also  provide  the  specific  text  which  would  serve  to  correct  that  error.  Some  types  of  documenta- 
tion errors  Indicate  the  presence  of  software  problems  as  well.  If  this  Is  known,  the  user 
should  consider  submitting  a supporting  SPR  following  the  procedures  suggested  In  Section  12.4. 
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Originator:  ^ 
Organization: 


SPR NEW  CAPABILITY  

NASTRAN  DOCUMEKTATION  ERROR  REPORT  (OCR) 

Datet 

Phone  No. : 


Manual  O Theoretical 

□ User's 

□ Programmer's 
p Demonstration 


Page 

Numbers 


Description  of  tbe  Error  and  Corrections 

(a  copy  of  the  page(s)  in  error  with  marked  corrections  should  be  attached.) 


Figure  1.  NASTRAN  OocMntatlon  Error  Report  (OER). 
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13.  OPERATING  PRINCIPLES  OF  NASTRAN 


13.1  INTRODUCTION 


To  model  a structure  in  NASTRAN  requires  a knowledge  of  the  input  and  control  options  but 
little  understanding  of  how  the  program  itself  works.  However,  a fundamental  knowledge  of  the 
basic  operating  principals  of  the  program  will  assist  the  user  in  fully  using  NASTRAN's  capabili- 
ties. With  the  "black  box"  stigma  of  the  program  removed,  the  NASTRAN  user  is  free  to  use 
many  of  the  special  purpose  diagnostics  and  efficiency  controls  available  to  him.  Understanding 
the  operating  principles  also  aids  understanding  processing  failures.  Interpreting  diagnostic  out- 
put, and  planning  unusual  analyses. 

Presented  in  this  section  is  an  overview  of  NASTRAN  as  a computer  software  system.  The  over- 
view  includes  a description  of  the  major  subdivisions  of  NASTRAN:  the  executive  system*  the 
functional  modules,  the  input/output  utilities,  the  matrix  algebra  utilities,  and  the  data  base 
file  structures.  Included  here  is  a summary  of  standards  and  conventions  used  in  NASTRAN  code 
development  to  implement  the  theory  of  NASTRAN  applications.  The  conventions  described  include 
the  engineering  notation  used,  the  nested  vcccor  concept,  the  open  core  concept  for  data  storage, 
formats  used  for  matrices  and  tables,  and  fundamental  concepts  of  the  NASTRAN  input/output  (10) 
system.  This  section  concludes  with  a discussion  of  the  theory  behind  NASTRAN  restart  procedures. 

In-depth  treatment  of  the  topics  presented  in  this  section  are  found  in  Sections  1 of  the 
Theoretical  and  the  Programmer *s  Manuals.  Specific  references  to  other  material  are  also  provided. 
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13.2  PROGRAM  DESIGN  OVERVIEW 

An  understanding  of  the  NASTRAN  program  design  can  be  facilitated  by  a knowledge  of  soeie  of 
the  design  criteria  which  are  related  to  computer  science  rather  than  structural  analysis.  Chief 

«M>ng  these  criteria  are: 

1.  Simplicity  of  problem  input  deck  preparation. 

2.  Minimization  of  chances  for  human  error  In  problem  preparation. 

3.  Minimization  of  need  for  manual  Intervention  during  program  execution. 

4.  Capability  for  step  by  step  problem  solution,  without  penalty  of  repeated  problem  set  up. 

5.  Capability  for  problem  restart  following  unplanned  Interruptions  or  problem  preparation 
error. 

6.  Minimization  of  system  overhead  In  the  three  vital  areas  by: 

a.  Not  diverting  core  storage  from  functional  use  In  problem  solution. 

b.  Not  diverting  auxiliary  storage  units  from  functional  to  system  usage. 

c.  Not  using  system  housekeeping  time  for  performing  executive  functions  that  do  not 
directly  further  problOT  solution, 

7.  Ease  of  program  modification  and  extension  to  new  functional  capability. 

8.  Ease  of  program  extension  to  new  computer  configurations  and  operating  systems. 

9.  Maintain  ability  to  operate  efficiently  under  a wide  set  of  computer  configurations. 

The  design  goals  for  NASTRAN  are  achieved  through  modular  separation  of  program  activities. 
The  major  functional  subdivisions  of  NASTRAN  are  presented  in  Figure  1.  They  are: 

1.  The  Executive  System  - It  provides  for  overall  control  of  the  job.  It  allocates  files, 
supervises  the  Input  process,  generates  the  execution  sequence.  It  acts  as  an  Interface 
between  the  program  and  the  computer  operating  system. 

2.  System  data  and  module  parameters  - These  data  are  stored  In  small,  core-held  common 
blocks.  These  tables  serve  to  define  the  status  of  the  system  and  provide  communication 
between  the  system  and  modules. 
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3.  Functional  Modules  - These  are  self-contained  blocks  of  code  designed  to  perform 
selected  analytical  functions  such  as  element  matrix  generation  or  assembly  with  a 
minimum  number  of  interface  data  blocks.  To  provide  simplicity  and  convenience  for 

updating  and  maintaining  the  system,  the  following  restrictions  are  applied  to  functional 
modules: 

a.  Modules  may  interface  with  ether  modules  only  through  auxiliary  storage  files,  as 
opposed  to  passing  information  between  each  other  while  in  core. 

b.  Since  the  availability  and  allocation  of  auxiliary  files  for  module  execution  inter- 
e.wt  with  the  execution  of  other  modules,  no  module  can  directly  specify  or  allocate 

physical  files.  The  auxiliary  storage  allocation  is  reserved  as  an  Executive  func- 
tion. 

c.  Modules  operate  as  independent  subprograms,  and  may  not  call,  or  be  called  by,  other 
modules.  They  may  be  entered  only  from  the  Executive  System. 

4.  GIN0  (General  Input/Output  utilities)  - A comprehensive  set  of  utility  subroutines  de- 
veloped for  manipulating  data  blocks.  GIN0  routines  are  always  used  to  read  or  write 
data  blocks  for  internal  NASTRAN  operations. 

5.  Data  Block  - A collection  of  unformatted  tables  and/or  matrices  used  for  writing  to 
and  reading  from  auxilliary  storage.  The  contents  and  formats  are  defined  by  the 
routines  creating  them.  Every  NASTRAN  file  is  made  up  of  data  blocks  except  for  user- 
supplied  files  defined  via  the  job  control,  all  files  are  allocated  temporarily. 

6.  Matrix  Utilities  - A set  of  mathematical  subroutines  provided  for  matrix  decomposition, 
matrix  multiply,  matrix  partitioning,  eigenvalue  analysis,  etc. 

These  major  subdivisions  of  NASTRAN  and  their  relationships  to  each  other  are  described  in 
more  detail  in  the  following  three  sections. 
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13.3  THE  EXECUTIVE  SYSTEH 

The  essential  functions  of  the  Executive  System  are: 

1.  Establish  and  control  the  sequence  of  module  executions  according  to  options  specified 
by  the  user. 

2.  Establish,  protect,  and  communicate  values  of  parameters  for  each  module. 

3.  Allocate  system  files  to  all  data  blocks  generated  during  program  execution.  A file  Is 
“allocated"  to  a data  block,  and  a data  block  Is  "assigned"  to  a file. 

4.  Maintain  a full  restart  capability  for  restoring  a program  execution  after  either  a 
scheduled  or  unscheduled  Interruption. 

The  Executive  System  Is  open-ended  In  the  sense  that  It  can  accommodate  an  essentially  un- 
limited number  of  functional  modules,  files,  and  parameters.  Modifications  of  the  Executive  Sys- 
tem to  acconmodate  changes  or  additions  to  functional  modules  are  performed  with  changes  to  con- 
trol data  tables. 

The  Executive  System  controls  the  execution  of  NASTRAN  In  two  phases:  (1)  the  preface.  In 

which  a basic  setup  Is  performed;  and  (2)  the  execution  of  the  OMAP  program  In  which  the  modules 
are  controlled.  The  key  executive  subroutines  performing  these  steps  are: 

1.  XCSA  (Control  Section  Analysis)  - Processes  the  Executive  Control  Data  Deck  and  loads 
th»  DMAP  code  from  the  Rigid  Format  Tables. 

2.  GNFIAT  (Generate  FIAT)  - Allocates  the  NASTRAN  working  files  and  assigns  Initial  data 
block  names  to  the  File  Allocation  Table  (FIAT). 

3.  XGPI  (General  Problem  Initialization)  - Processes  the  Direct  Matrix  Abstraction  Program 
(DMAP)  much  like  a compiler.  Restart  logic  Is  also  performed  to  Identify  the  modules 
to  be  re-eAecuted.  The  output  Is  the  Operational  Sequence  Control  Array  (0SCAR),  which 
provides  the  Information  for  executing  the  modules. 

4.  XSFA  (Segment  File  Allocator)  - Manages  the  data  block  to  physical  file  relationships 
throughout  the' NASTRAN  run.  It  reallocates  files  when  new  data  blocks  must  be  allocated 
and  previously  used  data  may  be  discarded  to  free  the  file  to  the  system. 
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,5.  XSEM1  (1  » 1,2. ..M)  (Executive  Sequence  Monitor,  Link  i)  - The  11nk«dr1ven  routines  which 
control  the  calls  to  the  functional  modules.  If  a nodule  resides  in  the  ith  link,  the 
XSEMi  routine  requests  the  file  and  parameter  allocations  and  directly  calls  the  module. 
If  the  module  resides  on  another  link,  the  XSEMi  routine  returns  to  the  overall  control 
for  loading  another  XSEMi  routine.  Each  NASTRAN  link  is  a major  overlay  segment  of 
the  program. 

The  general  programming  philosophy  behind  the  Executive  System  routines  is  that  reliability 
and  efficiency  are  paramount  concerns.  It  was  also  anticipated  that  few  changes  were  to  occur  in 
the  Executive  System  as  the  NASTRAN  system  grew,  thus,  few  general  rules  were  imposed  on  the 
Executive  System  code,  resulting  in  a sophisticated,  but  difficult  to  modify,  system. 

In  addition  to  the  above  specialized  functions,  the  Executive  System  controls  the  input  data 
card  processing,  and  provides  various  other  functions  such  as  defining  open  core  and  clock  time. 

For  more  information  on  the  topics  above,  consult  the  NASTRAN  Programmer's  Manual  Sections  1.2, 

2.4,  2.2,  and  4.1  through  4.20. 
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13.4  FUNCTIONAL  MODULES 

A NASTRAN  module  consists  of  one  or  more  subroutines  which  perform  « sinoU  compuUtionel 
process.  The  site  of  a module  may  range  from  less  then  ten  lines  of  code  to  many  thousands  of 
executable  statements.  Functional  modules  serve  to  manage  or  control  a series  of  operations, 
which  may  be  executed  by  other  modules  or  matrix  utilities,  to  accomplish  an  analytical  objective. 
In  general,  functional  modules  are  executed  in  the  seguence  specified  by  the  NASTRAN  Rigid  Formats 
or  by  user  DMAP  Instructions. 


13.4.1  Module  Types 

Four  module  types  occur  In  NASTRAN.  and  each  type  is  limited  to  a specific  range  of  functions. 

These  are: 

1.  Preface  Modules  - Executes  under  direct  control  of  the  Executive  System  during  the  pro- 
blem Initialization.  Since  these  modules  are  not  used  by  OMAP  and  their  data  block  names 
are  fixed,  many  of  the  normal  NASTRAN  coding  restrictions  do  not  apply.  For  example, 
preface  modules  may  write  on  their  own  input  files  or  on  the  reserved  NASTRAN  system 

files. 

2.  Executive  Operation  Modules  - Perform  logical  DMAP  operations  such  as  JUMP.  LR»P.  and 
FILE  declaration.  Except  for  the  checkpoint  module,  none  of  these  modules  perform  any 
major  calculations  or  I/®  operations. 

3.  Utility  Modules  - Designed  for  general  use  with  simple  Inputs  and  outputs.  Utility 
functions  range  from  performing  print  requests  to  complex  matrix  operations. 

4.  Analysis  Oriented  Modules  - Provided  for  specific  steps  in  the  analysis  of  structures 
which  are  not  easily  defined  with  matrix  algebra.  Examples  are  the  element  table  as- 
sembler (TAl)  and  the  stress  recovery  routine  (S0R2).  Other  modules  are  provided  for 
more  efficent  processing  of  matrices  than  available  with  Utility  Module  OMAP  steps. 

An  example  is  module  SSG2  which  reduces  the  static  load  vectors  uiing  a series  of 
matrix  operations. 

13.4.2  Modit  1 1 Oat  a J n ter  f aces 

Conw*.n1catton  between  modules  is  performed  using  daU  block  files  and  parameter,.  The  number 
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of  Input  files,  output  files,  and  parameters  for  every  OMAP  module  are  pre-defined  In  the  block 
data  program  XNPL6D. 

Input  data  block  files  are  specified  as  file  number  101,  102,  103  ...  100+N  according  to  the 
OMAP  calling  sequence.  These  numbers  are  used  in  t!ie  calls  to  the  GIN0  utility  subroutines  for 
all  file  operations.  Similarly,  the  output  files  are  defined  as  201,  202,  203  ...  200+n  and  the 
Internal  scratch  files  are  labled  301...300^N.  Several  of  the  GING  system  error  messages  reference 
these  numbers.  The  user  must  refer  to  the  Rigid  Format  description  In  the  User's  Manual  to  determine 
the  actual  data  block  In  question. 


Parameters  are  stored  In  the  blank  common  block  (CGMKIN  /BLANK/  list).  The  types  may  be 
Integer,  real,  complex,  or  BCD  characters.  Floating  point  numbers  may  be  single  or  double  pre- 
cision. The  type  of  each  parameter  Is  fixed  In  the  module  code  and  In  the  system  tables.  Modules 
may  use  the  parameters  as  either  Input  or  output  data. 


13.4.3  Module  Overlays  and  Open  Core 

Each  module  In  NASTRAN  generally  Is  assigned  separate  overlay  segments  Independent  of  the 
other  modules.  During  execution  only  the  module  code  and  the  required  utility  subroutines  are 
loaded  into  core.  Furthermore,  a common  block  assigned  by  the  module  is  loaded  belOM  the  current 
code  for  use  In  an  "open-core"  storage  space.  Open  core  exists  from  this  point  to  the  maximum 
core  space  requested  for  the  execution.  All  matrix  and  table  data  required  for  a given  module 
operation  are  brought  Into  open  core  for  temporary  storage.  Results  are  moved  from  open  core  to 
data  block  files  for  access  by  other  modules. 

A typical  NASTRAN  overlay  "tree"  Is  illustrated  In  Figure  13.2.  Shovm  are  examples  of  modules 
which  are  divided  Into  separate  parts,  consisting  of  a small  "driver"  routine  which  calls  the 
major  sections  of  code  located  near  the  bottom  of  core.  This  scheme  allows  the  large  and  complex 
matrix  utility  routines  to  be  used  by  more  than  one  module  In  a link,  yet  still  allows  the  largest 
possible  open  core  space  for  each  module. 

Each  module  In  NASTRAN  performs  It's  own  open  core  allocations.  The  executive  subroutine 
KGRSZ  (core  size)  Is  used  to  determine  the  available  length  of  core  relative  to  a particular  data 
location.  The  module  allocates  space  for  GIN0  Input/Output  Duffers,  along  with  all  core-held 
variable  length  arrays.  The  modules  are  also  responsible  for  their  own  spill  processing.  This 
occurs  when  a particular  set  of  arrays  do  not  fit  In  the  available  open  core  and  must  be  processed 
a piece  at  a tine  using  scratch  files  for  the  extra  data. 
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13.4.4  Module  Rtstrictlons 


A nunber  of  general  rules  have  been  followed  In  the  developesnt  of  NASTRAN  nodules  which  pro- 
vide efficiency,  reliability,  and  east  of  maintenance.  Understanding  these  rules  nay  aid  In  ♦he 
use  of  the  program.  The  general  module  design  rules  are: 

1.  Only  6IN0  utility  routines  (e.g.,  0PEN,  a0SE,  READ,  WRITE,  PACK)  are  used  to  access 
data  blocks  and  scratch  files. 

2.  Only  substructure  utilities  (e.g.,  SfFfPEN)  are  used  to  access  the  autonatmd  substructurd 
operation  tile  (S0F). 

3.  No  data  1$  written  on  Input  dcta  blocks.  (Note,  however,  that  a module  nay  read  output 
data  blocks.) 

4.  Values  of  system  parameters  and  arrays  are  not  changed. 

5.  Utility  routines  are  used  whenever  possible  to  avoid  unnecessaiy  code  duplication.  An 
example  Is  the  use  of  the  MESAGE  routine  which  stores  coewon  error  message  print  foraats 
on  a separate  overlay. 

For  additional  module  coding  restrictions  and  conventions,  refer  to  Sections  1.3  through  1.5 
of  the  NASTRAN  Programmer's  Manual.  For  discussions  of  the  utlll'ty  routines  refer  to  Sections  1.7, 
3.4,  and  3.5  of  the  Programmer's  Manual  . For  Individual  module  descriptions  refer  to  Section  4 of 
the  Programner's  Manual. 
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Figure  2.  IHustration  of  NASTRAN  Overlay  System 
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13.5  THE  NASTRAN  1/9  SYSTEM  I 

i 

NASTRAN  Is  primarily  a file-oriented  program,  using  mass  storage  devices  for  nearly  all  major 
data  transfers.  The  four  types  of  Input/Output  systems  provided  In  NASTRAN  are  the  external  user 
Interfaces,  the  Internal  data  blocks,  the  checkpoint/restart  file,  and  the  substructure  data  base. 

These  are  described  Individually  below. 


J 13.5.1  External  User  Interfaces 

I Aside  from  the  conventional  input  daU  file  and  output  print  files.  NASTRAN  may  be  used  to 

read  or  write  data  on  other  user-supplied  external  files.  These  are  summarized  below; 

1.  Plot  files  are  created  for  both  structure  plots  (plots  of  the  model  geometry)  and  dynamic 

J response  curves  (XY  output  plots).  The  format  Is  dependent  on  the  computer  hardware  and 

plotter  hardware. 

2.  The  punch  file  Is  used  for  several  purposes.  The  restart  dictionary  data  are  automatically 
generated  and  stored  on  the  punch  file.  The  DMAP  program  may  be  punched  If  OIAG  17  Is 
requested.  All  printout  data  may  also  be  punched  for  post-processing  by  other  programs. 

3.  User  Files  are  machine-dependent  file  names  that  are  requested  by  the  user  In  his  system 
job  control  cards.  Modules  using  these  files  must  be  defined  in  a DMAP  program.  Modules 
INPUTTl  and  fUTPUTl  read  and  write  data  blocks  In  NASTRAN  format.  INPinT2  and  #UTPUT2  read 

^ and  write  data  blocks  which  are  converted  to  FORTRAN  format  on  the  user  files. 

4.  Substructure  Operating  Files  (Spr;  are  direct  access  device  files  defined  by  the  user  for 

* storing  substructure  data.  A data  base  management  system  automatically  provides  the 

required  NASTRAN  1/9  Interface. 

' For  more  information  on  the  external  \/9  Interfaces  of  NASTRAN.  see  Section  5.0  of  the  NASTRAN 

Programner ' s Manual  for  system  Interface  descriptions  versus  computer  type. 

13.5.2  NASTRAN  Data  Blocks 

Data  blocks  In  NASTRAN  are  treated  as  separate,  self-contained  files  used  for  temporary  data 
storage.  The  Executive  System  allocates  the  storage  devices  while  the  modules  perform  the  calcu- 
latlons  to  generate  data  for  storage  In  the  data  blocks. 
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Each  data  block  may  be  subdivided  into  an  unlimited  number  of  records.  Each  record  may  con- 
tain an  unlimited  number  of  words  or  may  be  completely  null.  In  rare  cases  a data  block  may  also 
contain  several  logical  files,  but  this  practice  is  discouraged.  Detailed  information  on  the  daU 
blocks  used  in  the  NASTRAN  Rigid  Formats  is  contained  in  Section  2.3  of  the  Programmer's  Manual. 

The  most  general  form  of  data  block  is  the  table.  Any  format  of  data  may  be  used  with  mixed 
integers,  floating  point  number,  and  BCD  characters.  No  data  conversions  are  perfonned  on  tables. 

A standardized  packed  matrix  format  is  used  for  all  NASTRAN  data  block  matrices.  Only  non- 
zero terms  and  their  packed  identifiers  are  stored  on  the  file.  A set  of  matrix  utility  subrou- 
tines are  used  to  read  and  write  matrix  terms.  All  NASTRAN  matrices  are  stored  by  columns,  i.e., 
each  column  is  a separate  logical  record. 

All  rlASTRAN  data  block  names  are  stored  in  core-held  tables  which  contain  6 words  of  so-called 
"trailer"  information.  The  trailer  data  is  used  to  identify  the  characteristics  of  files  without 
actually  performing  any  1/0  operations.  The  trailers  for  matrix  data  blocks  are  particularly  use- 
ful in  that  they  contain  the  dimensions  and  density  of  the  matrix.  The  input  executive  control 
card  DIAG  8 will  produce  a printout  of  each  trailer  as  the  data  block  is  created.  The  contents 
for  matrices  are: 

WORD  DEFINITION 

1 Internal  Data  Block  Name 

2 Number  of  Columns 

3 Number  of  Rows 

4 Type  of  Matrix  (square,  rectangular,  etc.) 

5 Type  of  Matrix  Terms  (single,  double,  etc.) 

6 Maximum  Number  of  Non-Zero  Words  In  a Column 

7 Matrix  Density  x 10 

For  definitions  of  the  types  of  matrices  see  the  DM!  (Direct  Matrix  Input)  bulk  data  card 
description  in  Section  2.4  of  the  User's  Manual. 

13.5.3  Checkpoint  Files 

The  NASTRAN  checkpoint  file  is  defined  by  the  user  on  his  machine-dependent  job  control  input. 
A single  operating  system  file  is  required,  which  may  be  on  any  of  the  available  system  permanent 
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bulk  storage  devices.  Including  multi-reel  tapes.  If  a checkpoint  is  requested,  the  contents  of  the  | 
MPTP  (New  Problmn  TaPe)  will  Include  the  current  case  control  daU,  the  sorted  bulk  data,  all  NASTRAM 
data  blocks  written  via  the  OMAP  request  CHKPHT,  and  the  parameter  values  at  each  checkpoint  stop. 
Associated  with  the  NPTP  file  Is  a checkpoint  dictionary  tdilch  Is  normally  written  on  the  punch  file 
In  card  Images.  The  restart  dictionary  contains  descriptions  of  the  daU  blocks  and  the  XVPS 
(Executive  Variable  Parameter  Save  Table)  stored  on  the  NPTP  file. 

On  restarts,  the  previously  renerated  checkpoint  file  Is  assigned  as  the  fPTP  (Pld  Problem  TaPe) 
file.  The  corresponding  checkpoint  dictionary  Is  Included  In  the  Executive  Control  Deck  and  the 
program  automatically  proceeds  with  tha  rastart  procass. 


For  automated  multi-stage  substructure  analysis,  the  Substructure  Operating  File  (S#F)  Is  a 
single  logical  file  used  to  store  all  data  necessary  for  a complete  multi-stage  substructuring 
analysis.  The  S0F  may  actually  reside  on  one  to  ten  physical  files.  However,  these  physical 
files  are  chained  together  to  form  a single  logical  file  for  use  In  the  analysis  of  larger 


problems. 

Each  physical  file  comprising  the  S9F  must  be  a direct  access  disk  file.  These  files  are  not 
processed  with  NASTRAh  GIN9  operations,  but  treated  as  external  user  files.  In  a substructure 
analysis,  NASTRAN  stores  data  on  the  S0F  which  must  be  saved  from  run  to  run.  Therefore.  It  Is 
the  user's  responsibility  to  maintain  the  physical  disk  files  comprising  the  Sff  from  one  execution 
to  the  next.  A complete  description  of  how  to  use  and  maintain  the  S#F  Is  presented  In  Section 
20.12  of  the  User's  Guide  and  Section  2.7  of  the  User's  Manual. 
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13.6  NASTRAN  CHECKPOINT/RESTART  LOGIC 

NASTRAN  has  a sophisticated  checkpoint  and  restart  capability.  This  capability  allows  the 
user  to  efficiently  recover  after  either  a scheduled  or  unscheduled  interruption.  Some  situations 
applicable  to  the  use  of  checkpoint/ res tart  are  listed  below: 


1.  A run  may  abort  due  to  insufficient  time,  a user  data  error,  or  insufficient  core. 

2.  The  user  may  request  termination  of  his  run  at  selected  steps  during  the  analysis  for  the 
purpose  of  examining  intermediate  results  prior  to  continuing  the  run. 

3.  The  user  may  wish  to  rerun  only  a portion  of  the  analysis  with  limited  data  changes. 

The  overall  design  philosophy  for  restart  is  twofold.  A restart  selectively  executes  only  the 
modules  necessary  to  accomplish  a user-input  data  change.  The  user  is  able  to  change  any  part  of 
his  problem  including  model  data  changes,  additional  cases,  or  more  output  requests.  At  the  same 
time  restarts  are  automatic  as  far  as  user  interference  is  concerned.  The  user  need  only  check- 
point his  ortginal  run  and  submit  changes  to  the  original  run  on  subsequent  runs. 

13.6.1  Restart  Types 

In  NASTRAN  there  are  four  general  types  of  restarts.  Unmodified  Restart  (UMR),  Pseudo  Modi- 
fied Restart  (?MR),  Modified  Restart  (MR),  and  Rigid  Format  Switch  (RFS).  In  Section  3 of  the 
User’s  Manual,  UMR's  and  PMR's  are  described  together  as  Unmodified  Restarts.  These  classifica- 
tions are  for  descriptive  and  internal  purposes.  The  user  need  not  know  anything  about  which 
type  is  which.  The  basic  characteristics  of  each 'type  will  be  described  below. 

An  Unmodified  Restart  results  when  the  user  simply  resubmits  a problem  with  no  data  changes. 

It  is  used  to  continue  a solution  from  the  point  of  interruption.  Presumably  the  problem  aborted 
previously  due  to  time  expiring,  or  the  user-requested  early  termination  for  the  purpose  of  examin- 
ing Intermediate  results  prior  to  completing  the  solution.  The  restart  dictionary  (created  *d>ile 
checkpointing)  is  processed,  and  the  solution  is  started  again  at  the  last  re-entry  point  (after 
the  last  successful  checkpoint). 

A Pseudo  Modified  Restart  occurs  when  the  user  requests  additional  output  from  the  program 
which  simply  requires  the  re-execution  of  an  output  module  such  as  the  Structure  Plotter,  the 
Grid  Point  Weight  Generator,  or  the  Stress  Data  Recovery  module.  The  numerical  solution  is 
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not  effected  by  these  modules;  only  new  output  is  generated.  Note  that  a PMR  is  the  comron  case 
since  printer  output,  plotter  output,  etc.  is  usually  requested.  A true  UMR  is  rare.  On  a PMR, 
output  modules  are  re-executed  to  display  requested  output,  and  then  the  problem  is  continued  at 
the  re-entry  point. 

A true  Modified  Restart  occurs  when  some  numerically  significant  data  change.  The  modules 
which  process  these  data  must  be  re-executed.  These  modules  are  re-executed  to  regenerate  their 
output  data  blocks  based  on  the  new  data  and  tl;v^  problem  is  continued  at  the  re-entry  point. 

A Rigid  Format  Switch  (RFS)  is  a special  form  of  Modified  Restart  in  which  a problem  changes 
from  one  solution  type  to  another.  One  example  would  be:  a user  has  solved  for  the  static  solu- 

tion on  Rigid  Format  1 and  now  wants  to  find  the  normal  modes  by  using  Rigid  Format  3.  RFs  may 
or  may  not  require  data  changes.  The  key  difference  here  is  that  the  re-entry  point  cannot  be 
used  to  determine  the  proper  place  to  restart.  For  a RFS,  NASTRAN  examines  the  final  modules  on 
the  new  Rigid  Format  and  lets  the  File  Name  Table  chain  the  solution  back  to  the  proper  restart 
point.  4 

13.6.2  Restart  Decision  Process 

To  understand,  in  general,  how  the  above  types  of  restart  are  implemented,  it  is  necessary  to 
consider  the  Module  Execution  Decision  Table  (MEOT),  which  is  assoc^ted  with  each  Rigid  Format. 

The  Module  Execution  Decision  Table  has  one  entry  for  every  DMAP  instruction  in  the  Rigid  Format. 

A Card  Name  Table  associates  bits  of  the  MEDT  with  selected  bulk  data  card  names,  case  control 
selections,  and  parameter  names.  The  File  Name  Table  associates  bits  of  the  MEDT  with  selected 
data  block  names.  The  following  example  illustrates  the  use  of  these  tables  in  determining  the 
effects  of  changing  a bulk  data  card  on  a Modified  Restart. 

Suppose  the  F0RCE  bulk  data  card  is  to  be  changed  when  executing  Rigid  Format  1.  DMAP  modules 
BEGIN,  FILE,  FILE,  GP3,  SAVE,  PARAM,  PURGE,  CHKPNT,  SSG1 , CHKPNT,  EQUIV,  etc.,  will  je  executed 
since  the  bit  associated  with  loads  is  set  for  each  of  those  modules. 

Each  part  of  the  NASTRAN  Preface  contributes  to  processing  the  information  for  a restart. 

The  XCSA  module  extracts  and  stores  the  Card  Name  Table,  the  File  Name  Table,  the  Module  Execution 
Decision  Table,  the  DMAP  sequence,  and  the  Rigid  Format  Switch  bit  if  any.  These  are  written  in 
the  XCSA  Executive  Control  Table  on  the  New  Problem  Tape  for  later  use  by  nx)dule  XGPI.  IFPl  com- 
pares the  current  CASECC  (case  control)  data  block  with  the  one  submitted  on  the  previous  run  (a 
copy  of  CASECC  is  stored  on  the  Old  Problem  Tape  for  this  purpose). 


1 
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Thr*«  types  of  changes  are  noted  by  1FP1 : 

1.  Changes  In  data  set  selection  such  as  Load  set,  SPC  set,  etc.; 

2.  The  occurrence  of  output  requests  for  printer,  plotter,  punch; 

3.  Changes  in  the  looping  structure  of  the  problem. 

XSfRT  analyzes  bulk  data  card  changes  in  a similar  manner;  setting  the  proper  bits  in  the 
tables.  XGPl  then  analyzes  this  infonnation  to  decide  which  modules  are  to  be  executed.  Input 
data  blocks  are  then  checked  for  RFS  restarts  to  find  if  they  are  to  be  generated  or  available  on 
the  checkpoint  tape.  If  the  input  data  blocks  are  missing,  the  modules  which  generate  them  are 
flagged  and  the  process  continues  until  all  module  data  requirements  are  satisfied. 


■ 


13.6.3  Restart  Rules 


Some  of  the  basic  program  rules  followed  in  the  restart  decision  process  are: 

1.  The  first  choice  of  re-entry  points  is  always  the  last  entry  in  the  checkpoint  dictionary. 

2.  If  a data  block  occurs  more  than  once  in  the  dictionary,  the  last  entry  before  the  re- 
entry point  is  always  used. 

3.  On  OMAP  looping  problems  the  prooram  will  restart  either  at  the  last  entry  for  the  last 
loop  or  at  the  first,  depending  on  the  changes.  Restarts  in  the  middle  of  a set  of  loops 
must  be  controlled  by  manually  editing  the  dictionary. 

4.  user-supplied  DHAP  ALTER  code  is  always  executed.  ALTER  code  defined  in  the  checkpoint 
run  is  not  saved  and  must  be  included  in  the  restart  if  required. 


'ir 
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13.7  NASTRAN  PROGRAMMING  CONVENTIONS 

NASTRAN  development  encompassed  a comprehensive  set  of  rules  for  tenninology,  niessages»  and  user 
controls.  These  have  Included  the  use  of  consistent  mneumonlcs  for  the  naaaes  of  data  program 
variables,  and  module/subroutines.  These  conventions  have  been  useful  both  to  the  programmer  and 
the  engineer.  A unique  example,  described  below,  is  the  use  of  vested  degree  of  freedom  sets  for 
naming  vectors,  matrices,  and  their  partitions.  This  nomenclature  system  is  followed  from  the  basic 
theoretical  development,  through  the  user  data  Inputs,  to  the  actual  code.  The  reader  Is  directed 
to  Section  7.1  of  the  User's  Manual  for  a comprehensive. dictionary  of  tenns  which  frequently  occur 
In  the  use  of  NASTRAN. 

This  section  describes  some  of  the  conventions  particularly  useful  when  running  NASTRAN.  Some 
of  the  particular  diagnostics  and  notation  systems  are  included  along  with  error  message  rules  and 
some  methods  for  overriding  the  system. 


13.7.1  Diagnostic  Outputs 


The  executive  control  card,  0IA6,  is  particularly  useful  In  diagnosing  problems  in  NASTRAN. 
The  format  is: 


DIA6  n^ , f n^  ... 

where  each  integer  n produces  a specific  type  of  diagnostic  output.  Some  sample  diagnostics  are 
given  in  the  list  below: 


n 

Type  of  Output 

8 

Prints  matrix  and  table  trailers 
when  they  are  generated 

13 

Prints  open  core  length 

IS 

Trace  open/close  operations  on 
data  blocks 

21 .22 

Print  degree-of-freedom  definitions 
for  all  points  and  all  types  of 
constraint  sets 

23 

Print  Automatically-generated  DMAP 
ALTER  data  for  substructure  problems 

The  diagnostics  referenced  above  are  most  commonly  used  and  greatly  assist  the  user  In  de- 
bugging NASTRAN  problems.  These  and  all  other  diagnostics  are  described  In  detail  In  Section  10.2 
of  the  User's  Guide. 
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13.7.2  Matrix/Vtctor  Degret  of  Freedom  Sets 

In  NASTRAN,  vsctors  and  matrices  Shfra  the  same  format.  Each  row  or  column  corresponds  to 
a single  degree  of  freedom  defined  as  a generalized  displacement  at  a grid,  scalar,  or  extra 
point.  Each  degree  of  freedom,  u,  belongs  to  one  or  more  sets  (e.g. , Ug  and  u^)  as  Illustrated 
In  the  diagram  below; 


■ where  the  sets  on  the  left-hand  side  are  selected  by  the  user  as  constraints  either  explicitly  on 

I SPC,  me  data  or  Implicitly  as  subroutine  degrees  of  freedom  and  left-hand  displacement  sets 

I are  defined  In  the  list  below: 

■ “m  cooi^lMtes  are  eliminated  as  Independent  degrees  of  freedom  by  multi-point  constraints 

K Uj  coordinates  are  eliminated  by  single  point  constraints 
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coordinates  are  omitted  by  structural  matrix  partitioning  \ 

u^  are  coordinates  to  which  determinate  reactions  are  applied  in  static  analysis 

u^  are  the  remaining  structural  coordinates  used  in  static  analysis  (points  left  over) 

Ug  are  extra  degrees  of  freedom  introduced  in  dynamic  analysis  to  describe  control 

systems,  etc. 

In  static  analysis,  we  are  concerned  only  with  the  grid  point  set,  u^,  and  its  subsets.  The 
application  of  constraints  and  partitioning  to  the  stiffness  matrix  involves,  essentially,  the 
elimination  of  u^,  u^,  u^,  and  u^  to  form  a stiffness  matrix,  with  coordinates  defined  by  u^. 

The  physical  significances  of  these  computations  are  explained  in  Section  3.5  of  the  Theoreti- 
cal Manual.  The  concept  of  nested  vector  sets  is  extremely  important  in  the  theoretical  development 
of  NASTRAN.  The  reader  may,  in  fact,  find  it  useful  at  some  point  to  memorize  the  relations  de- 
fined above  among  the  displacement  sets. 

Load  vectors  are  identified  with  the  same  notation.  Rectangular  matrices  are,  whenever 
necessary  to  clarify  the  meaning  of  the  symbol,  distinguished  by  double  subscripts  referring  to 
the  vector  sets  associated  with  the  rows  and  columns  of  the  array. 

In  the  NASTRAN  DMAP,  a stational  set  of  names  have  been  given  to  the  various  types  of 
matrices.  If  x corresponds  to  the  degree-of-freedom  set  or  size,  the  following  list  explains  the 
names: 

UxV  - Matrix  of  displacement  vectors 

Px  - Matrix  of  load  vectors 

Kxx  - Stiffness  matrix 

Mxx  - Mass  matrix 

Bxx  - Damping  matrix 

6x  - Transformation  matrix  for  dependent  coordinates,  x 

Dx  - Rigid  body  transformation 

Qx  - Forces  of  constraint 

PHIx  - Eigenvector  matrix 

Uxx  - Upper  triangular  imposition  factor 

Lxx  - Lower  triangL^e-  ^^composition  factor 

For  specific  information  on  any  data  block,  refer  to  Section  2 of  the  Programmer’s  Manual. 
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In  some  cases»  additional  letters  are  added  to- the  basic  data  blank  name  to  denote  a special 
form  of  the  matrix  data.  The  following  list  defines  these  key  letters: 

t - Output  data  block 

0 - Differential  stiffness 

L and  NL  - linear  and  non-linear 

1 or  2 - Denotes  sort  or  output  data. 

13.7.3  Error  Messages 

NASTRAN  provides  a comprehensive  system  of  error  checking  to  facilitate  recovery  from  error 
conditions.  Section  6.1  of  the  User*s  Manual  contains  a list  of  all  user  and  system  message 
along  with  explanations  when  required.  Some  useful  general  comments  on  the  error  message  system 
are  listed  below: 

1.  Warning  Messages  - Are  issued  when  a logical  discrepancy  Is  encountered,  which  may  be 
extraneous  to  the  actual  problem,  and  the  program  may  proceed. 

2.  User  Fatal  Messages  - Are  always  related  to  Input  data  errors  or  serious  structure  modeling 
problems  when  no  alternative  path  Is  possible.  Insufficient  time  limits  or  core  size 

may  also  cause  these  messages. 

3.  System  Messages  - Are  intended  to  occur  only  when  the  program  code  Is  in  error.  However, 
these  may  occur  due  to  user  DMAP  changes  or  after  user  warning  messages  have  occurred, 
and  the  system  cannot  recover  from  the  bad  data. 

4.  Potentially  Fatal  Messages  - Occur  In  the  DMAP  compilation  and  In  substructure  problems. 
These  are  serious,  but  not  necessarily  fatal,  errors.  Using  DMAP.  the  user  may  specify 
these  errors  to  be  fatal  with  the  XDMAP  control  card. 

When  the  cause  of  a fatal  error  condition  cannot  be  Immediately  determined,  the  user  has  several 
recourses.  The  user  should  survey  the  run  output  for  automatically  generated  Informative,  warning, 
or  other  fatal  messages  which  may  help  Identify  the  source  of  the  problem.  The  user  should  deter- 
ment from  the  computer  system  "day  file"  which  NASTRAN  module  was  In  execution  at  the  time  of  the 
error.  Then  he  should  determine  which  calculations  were  being  performed  on  what  data.  The  user 
will  find  details  of  Rigid  Format  calculation  steps  in  Section  3 of  the  User's  Manual. 
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If  th€  procedures  outlined  above  do  not  uncover  the  source  of  the  proble«,  the  Job  should  be 
re-run  with  requests  for  appropriate  additional  diagnostic  output.  This  additional  diagnostic 
output  should  be  requested  using  the  01A6  card  In  the  Executive  Control  deck.  Also.  OMAP  Afters 
could  be  Included  to  obtain  table  and  matrix  printout  of  key  Information  which  would  help  Identify 
the  problem. 

If  rerunning  the  job  and  evaluation  of  the  new  data  obtained  do  not  Identify  the  source  of  the 
problem,  then  the  error  should  be  reported  to  COSNIC.  Refer  to  Section  12  of  the  User's  Guide 
for  those  procedures. 
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14.1  INTRODUCTION  ? 

An  Important  aspect  to  using  any  finite  element  program  is  the  task  of  estimating  costs  and 
resource  requirements  to  determine  feasibility  of  processing  a particular  structural  model. 

Because  small,  simple  models  usually  do  not  tax  the  capacity  of  the  computer  hardware  and  they 
usually  do  execute  economically,  the  user  may  be  unjustifiably  tempted  to  linearly  extrapolate 
the  costs  for  processing  much  larger  models.  Depending  on  model  size  and  configuration,  the  user 
may  encounter  serious  problems  with  excessive  execution  times,  job  turnaround,  file  space,  and 
overMhelming  amounts  of  printout.  The  actual  costs  and  resource  requirements  for  a NASTRAN 
analysis  are  complex  functions  of  matrix  size,  density,  bandwidth,  and  available  computer 
resources,  and  may  increase  dramatically  with  problem  size  and  complexity. 

Methods  used  for  estimating  cost  and  resource  requirements  for  a NASTRAN  analysis  are  pre- 
sented in  this  section.  Because  detailed  explanations  of  the  algorithms  and  timing  equations 
are  given  in  the  Theoretical  and  Progranmer *s  Manuals,  this  section  is  oriented  toward  presenting 
more  practical  working  procedures.  Included  is  a summary  of  critical  operations  performed  in  each 
Rigid  Format  and  timing  parameters  for  estirrating  these  critical  steps  Simplified  eq^jations  are 
included  for  estimating  CPU  time  versus  problem  size  and  available  computer  core.  Also,  methods 
are  presented  for  estimating  other  resource  requirements,  such  as  file  space  and  tape  requirements. 
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14.2  METHODS  FOR  PREDICTING  NASTRAN  COST  FACTORS  | 

! 

Several  methods  are  available  to  the  user  for  predicting  cost  requirements  of  a particular  j 

structural  model  executing  In  a particular  type  of  analysis.  Estimates  may  be  based  upon  exper-  I 

lence,  tests,  and/or  detailed  examination  of  the  computerized  operations.  The  different  methods 
are  further  explained  In  the  folloulng  paragraphs. 

14.2.1  Past  NASTRAN  Experience 

It  should  be  noted  that  the  NASTRAN  program  Is  designed  to  treat  large  models.  However,  the 
sizes  of  the  resulting  matrices  may  exceed  the  capacity  of  the  more  efficient  In-core  processing 
algorithms.  Therefore,  the  NASTRAN  matrix  processing  modules  also  Include  a necessary  "spill"  logic 
to  provide  for  those  conditions  In  which  the  required  segments  of  matrix  data  cannot  be  held  In  core 
all  at  once  and  must  be  spilled  to  periphery  storage  devices.  Thus,  whenever  this  "spill"  logic  Is 
Invoked,  there  Is  usually  a quantum  jump  In  processing  cost  due  to  the  extra  data  transfers  to  and  ] 

from  periphery  storage.  Estimating  computer  run  times  when  spill  will  occur  Is  a complex  process. 

For  this  reason,  using  previous  NASTRAN  experience,  described  next.  Is  highly  recommended.  i 

If  previous  NASTRAN  models  -e  similar  to  the  problem  in  question,  examination  of  the  old  runs  | 

will  provide  valuable  Insight  Into  the  costs  of  the  different  aspects  of  the  analysis.  A NASTRAN 

s 

run  log  Is  recoimiended  for  cataloging  pertinent  data  and  costs  of  previous  jobs.  This  log  should  \ 

Include  typical  parameters  such  as  number  and  type  of  elements,  matrix  sizes  and  densities,  and  I 

matrix  bandwidths,  along  with  the  corresponding  execution  times  of  key  operations  such  as  EMG, 

MPYAD,  DEC0MP,  SDC0MP,  FBS,  and  READ,  etc.  The  start  and  stop  time  for  each  of  these  aiodules  are 
given  In  the  computer  output,  called  the  “Day  File."  The  matrix  size  parameters  may  be  obtained 
by  including  a DIAG  8 card  In  the  Executive  Control  Deck.  However,  as  mentioned  previously, 
extrapolating  run  times  Is  dangerous  because  the  tiring  functions  are  complex.  The  run  costs  of 
some  operations  are  proportional  to  the  square  of  some,  and  to  the  cube  of  other  size  parameters. 

Also,  when  the  size  of  the  problem  requires  "spilling,"  I.e.,  becomes  larger  the  can  be  conveniently 
handled  In  core,  the  cost  of  the  additional  multiple-pass  operations  may  be  several  factors  larger 
than  those  for  the  In-core  run  time. 

14.2.2  Testing  for  Cost  with  NASTRAN 

In  several  critical  matrix  operations  such  as  multiplication,  decomposition,  and  forward- 
backward  substitution,  NASTRAN  automatically  estimates  the  CPU  time  before  actually  executing 
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14.3  REQUIREMENTS  FOR  THE  RIGID  FORMATS 

Each  type  of  solution  in  NASTRAN,  or  Rigid  Format,  requires  Its  own  characteristic  mixture  of 
computer  resources.  Sunmarizlng  all  of  the  calculation  steps  for  each  of  the  Rigid  Formats  1$ 
beyond  the  scope  of  this  guide.  . For  the  Interested  user,  the  detailed  steps  taken  for  developing 
and  processing  of  all  matrix  equations  are  presented  In  Section  3 of  the  User's  Manual  for  every 
Rigid  Format.  Some  of  the  specialized  operations  such  as  PLA3,  PLA4  (Plastic  Analysis)  are  not 
covered  below  and  would  require  separate  and  detailed  analysis  of  the  program  code. 

For  most  purposes,  the  more  costly  operations  in  the  Rigid  Formats  may  be  Isolated  to  a few 
modules.  These  cr1t1<’.l  modules  are  named  and  the  operations  they  perform  are  summarized  In 
Table  1.  The  major  calculation  modules  and  subroutines  used  In  each  of  the  Rigid  Formats  and  In 
the  substructure  operations  are  listed  In  Tables  2 and  3.  In  the  analyses  which  could  Involve 
boundary  set  changes,  nonlinear  iterations,  or  time  step  changes,  groups  of  operations  would  be 
repeated  by  looping  through  selected  segments  of  these  Rigid  Formats.  These  groups  of  operations 
are  denoted  by  underlining  of  the  module  names  involved  In  that  looping.  Available  procedures  for 
predicting  the  running  times  for  most  of  the  operations  are  given  In  the  subsequent  sections. 

The  matrix  size  coefficients  referenced  In  Tables  2 and  3 are: 


L;  Static  matrix  size  after  all  constraints  and 
omitted  degrees  of  freedom  have  been  removed 

R:  Rigid  body  support  degrees  of  freedom 

0:  Dynamic  matrix  size  » L ♦ extra  points 

H:  Modal  dynamic  size  * no.  of  modes  + extra  points 

NL:  Number  of  loads 

NF : Number  of  solution  frequenci  i 

: Substructure  matrix  size,  input  to  operation 

C:  Contributing  substructure  matrix  size 

B:  Boundary  size  for  output  reduced  matrices 

14.3.1  Static  Condensation  and  Guyan  Reduction 

Matrix  static  condensation  and  the  associated  Guyan  reduction  procedure  are  provided  In  all 
NASTRAN  Rigid  Formats  as  a means  of  reducing  the  order  of  the  solution  matrices.  This  feature 


k 
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Is  optional  and  is  selected  by  use  of  0MIT  or  ASET  data  cards.  Reasons  for  using  this  feature 
are  presented  In  the  User’s  Manual.  Section  1.4. 


The  most  costly  processing  steps  for  static  condensation  and  Guyan  reduction  are  described 
below.  Equations  and  numerical  coefficients  to  be  used  for  computing  CPU  running  times  and  core 
requirements  are  presented  In  later  sections. 


Three  major  steps  are  Involved  In  static  condensation,  and  a fourth  step  Is  used  for  Guyan 
reduction.  These  steps  are: 


1)  SOC0MP  (o  X o)  (Decompose  K ) 

00 


(1) 


where  the  “o‘*  degrees  of  freedom  are  either  those  unconstrained  degrees  of  freedom 
specified  on  the  0MIT  data  cards,  or  they  are  those  not  listed  on  ASET  data  cards. 

2)  FBS  (o  X a)  (Solve  for  matrix  6^) 

where  the  *’a*‘  degrees  of  freedom  are  either  those  unconstrained  degrees  of  freedom 
specified  on  ASET  data  cards*  or  they  are  those  associated  with  points. 

3)  MPYAD  (a  X 0 X a)  (Solve  for  reduced  stiffness  matrix*  K ) 

aa 

t"..!  ■ ,3) 

4)  For  other  matrices  (M,  B,  etc.),  the  steps  for  each  type  are  (using  the  mass  matrix  as 
an  example): 


MPYAO  (o  X 0 X a),  M, 
MPYAO  (a  X 0 X a).  Mg 
MPYAO  (a  X 0 X a),  M.. 

oo 


Wooltf',]  * ["o.I 

. [M„l 

[M2]  * 


(4) 

(5) 

(6) 
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14.3.2  Element  Matrix  Generation 

The  cost  of  generating  matrix  partitions  of  stiffness,  mass,  and  damping  coefficients  for 
the  finite  elements  In  NASTRAN  is  associated  primarily  with  CPU  activity  and  is  not  significantly 
affected  by  core  size  of  1/0  transfers.  Each  of  these  element  matrix  partitions  is  generated  in 
CO re- held  arrays  using  Individually  designed  algorithms  and  procedures  appropriate  to  each 
element  type.  Because  of  the  differences  in  algorithms  and  procedures,  the  cost  of  generating 
matrices  for  each  element  depends  upon  the  element  type,  its  configuration,  and  its  properties. 

For  instance,  the  cost  of  matrix  calculation  for  the  BAR  element  will  increase  when  pin  joints, 
grid  point  offsets,  and  local  coordinate  systems  at  the  connected  points  are  selected  by  the  user. 

Typical  execution  costs  of  NASTRAN  for  the  most  used  element  types  are  shown  in  Table  4 for 
various  computer  models.  Note  that  the  costs  for  some  major  element  options  are  shown.  For 
different  models  of  cocnputers  from  the  same  manufacturer , the  costs  will  be  nearly  proportional 
to  the  outer  loop  factor,  M,  described  later  in  Section  14.4.  However,  note  that  the  element 
execution  times  are  not  proportional  to  M when  comparing  costs  between  manufacturers.  This 
effect  is  caused  by  the  differences  in  compilers  and  utility  subroutine  efficiencies. 
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Th«  actual  working  core  parameter.  H.  Is  dependent  on  the  core  allocated  by  the  user,  the 
space  used  by  the  necessary  portion  of  NASTRAN.  and  the  type  of  matrix  data.  In  the  sections 
which  follow,  U Is  defined  as  the  number  of  matrix  terms  which  may  be  placed  In  working  core.  If 
C is  the  number  of  core  words  available,  the  number  of  terms  1s: 


W » C/p 

Mherc: 


(7) 


1,  real  single  precision 

2,  real  double  precision  or 
complex  single  precision 

4,  complex  double  precision 

For  IBM  and  UNIVAC  machines,  double-precision  arithmetic  is  normally  required  and  Is  the 
default.  For  CDC  hardware,  only  single  precision  is  supported.  For  all  machines,  complex 
arithmetic  Is  used  In  the  solution  and  data  recovery  sections  of  Rigid  Formats  7,  8,  10,  and  11, 
and  in  the  aeroelastic  Rigid  Formats  only. 

The  exact  number  of  words  In  open  core  may  be  obtained  by  including  a DIAG  13  card  In  the 
Executive  Control  Deck.  The  requested  printout  will  be  included  in  the  "day  file"  where  the  total 
space  for  open  core  available  to  the  user  is  defined  for  each  module.  However,  each  module 
requires  from  two  to  six  "buffers"  for  storing  active  input/output  file  data.  The  number  of 
buffers  depends  upon  the  module,  the  input  and  output  options,  and  upon  the  spill  activity  In 
large-order  problems.  The  buffer  size  times  the  number  of  buffers  required  must  be  subtracted 
from,  the  available  core  size  to  obtain  the  factor.  C,  which  is  the  number  of  words  of  working 
core  for  storage  of  matrix  data.  The  user  must  refer  to  the  Progranmer’s  Manual  for  explicit 
buffer  requirements  for  a particular  NASTRAN  module,  e.g.,  SDC8MP. 
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Table  I.  Definition  of  Critical  Operations. 


APO.  AMG.  FAI 
COMPLEX  NODES 
OOR1 

DECOMP 

0SM6 

EHG 

FBS 

NPYAO 

MOOES 

PLA3,  PLA4 
RMG 

SDCOMP 

SSGHT 


Aeroelastic  data  processing  modules 

Extract  general  eigenvalues,  eigenvectors 

Dynamic  Data  Recovery  - Recovers  grid  point 
displacements,  etc. 

General  decomposition  for  unsynmetrlc  matrices 

Differential  Stiffness  Matrix  Generator, 
similar  to  EMG 

Element  Matrix  Generation 

Forward/Backward  Substitution 

Matrix  Multiply  - Add 

Extract  Normal  Modes  (READ  module) 

Piecewise  Linear  calculation  modules 

Radiation  Matrix  Generator 

Symmetric  Matrix  Decomposition 

Heat  transfer  statics  nonlinear  solution 
generator 
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Table  2.  Critical  Operations  Versus  Rigid  Format  (Cont'd). 


I 


5 o 


& 


K X 


to  <NJ  Csl 

LU  — ' 

I s § 

» I I 


REQUIREMENTS  FOR  THE  RIGID  FORMATS 


o o 

% k 


S £ £ i £ 


14.3-7 


Table  3.  Critical  Substructure  Operations. 
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14.4  ESTIMATING  CPU  TIME  REQUIREMENTS 

In  the  following  sections,  numerical  methods  are  given  for  estimating  the  central  processing 
unit  (CPU)  time  for  the  critical  NASTRAN  calculations.  It  must  be  noted  that  the  given  equations 
are  based  on  average  problem  characteristics  and  have  been  determined  from  simplified  code 
algorithms.  Although  the  coefficients  to  be  used  in  the  equations  have  been  determined  empirically 
from  actual  hardware  tests,  their  range  of  accuracy  is  limited  by  the  range  of  the  tests  and  the 
approximate  nature  of  the  equations. 

The  ba^ ic  matrix  timing  coefficients  for  various  computer  hardware  are  given  in  Table  1.  The 
three  basic  operations  listed  are: 

Mt  - Tight  Loop  Multiply-Add 

These  values  define  the  time  for  real  arithmetic  performed  primarily  in  computer  index 

registers. 

M - Loose  Loop  MuUipIv-Add 

These  /alues  define  the  time  for  real  arithmetic  performed  by  FORTRAN  code  with  core 

data  transfers. 

P - Pack/Unpack  for  Matrix  1/0 

These  values  define  the  average  CPU  time  to  transfer  one  matrix  term  with  row  and 

column  indices  to  or  from  a location  in  the  file  buffer. 

Timing  data  given  in  Table  1 correspond  to  the  default  computer  arithmetic  precision 
selected  by  NASTRAN.  All  COC  system  times  are  for  single-precision  operations.  The  timing 
data  for  the  other  machines  correspond  to  double  precision,  the  normal  default.  If  a different 
precision  is  used  in  a key  arithmetic  operation,  the  coefficients  should  be  adjusted  accordingly. 

The  standard  nomenclature  used  in  NASTRAN  timing  calculations  is  given  in  Table  2.  These 
tenn  are  used  in  the  basic  timing  procedures  and  equations  which  follow. 

14.4. 1 Matrix  Multiplication  and  Addition  - MPYAD 

Four  separate  methods  are  used  by  NASTRAN  for  multiplication  of  matrix  data  blocks.  Three 
methods  are  used  by  the  MPYAD  module  for  computing  the  product  of  two  matrices  and  adding  a 
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third  (A*B+C).  Additionally,  the  MPY3  module  Is  provided  for  the  specialized  “triple  multiply" 
operation  (H^AH),  frequently  encountered  in  substructure  analysis. 

In  the  MPYAO  module,  the  estimated  running  time  for  each  of  the  three  alternatives  is 
calculated  and  the  fastest  method  is  selected  by  the  program.  The  choice  taken  will  depend  on 
the  relative  sizes  and  densities  of  the  input  matrices  and  the  amount  of  computer  core 
available.  Figure  1 provides  approximate  equations  for  the  three  MPYAD  methods.  Note  that  it 
is  the  time  to  multiply  which  predominates.  The  time  to  add  is  negligeable  by  comparison. 
Large-order  matrices  with  ranges  in  density  of  from  10  percent  to  50  percent  are  assumed.  For 
the  more  detailed  equations,  consult  Section  3.5.12  of  the  NASTRAN  Programmer*s  Manual. 

14.4.2  Symmetric  Triangular  Decomposition  (SDCgMP) 

A sparse  matrix  Gaussian  elimination  method  is  used  in  NASTRAN  for  triangular  decomposition 
of  symmetric  matrices.  This  method  does  not  require  to  so-called  "banded  matrices"  to  realize 
efficient  processing.  In  effect,  the  method  uses  a variable  length  band,  processing  only  the 
"active  columns,"  in  which  non-zero  terms  occur.  Full  details  on  the  computational  algorithms 
are  given  in  Section  4.7  of  the  Programmer's  Manual.  Also  note  that  the  rarely  used  "passive 
columns"  effects  are  deleted  in  the  method  shown  below. 

Figure  2 illustrates  the  method  used  for  calculating  the  "active  column"  size  for  each  row 
of  a matrix.  The  characters  "X"  signify  non-zero,  off-diagonal  partitions  of  the  input  matrix. 
Typically,  each  X may  represent  six  degrees  of  freedom  or  one  grid  point  in  the  model.  During 
the  decomposition,  the  non-zero  terms  create  additional  terms  in  the  rows  below.  The  resulting 
region  defined  by  the  dashed  lines  will  be  completely  populated  in  the  resultant  triangular 
factor.  The  number  of  active  columns  at  each  row  is  measured  by  counting  the  columns  inside  the 
dashed  regions  for  that  row.  The  algorithm  described  below  may  be  used  to  calculate  the  CPU  time 
for  the  in-core  process.  This  is  followed  by  a method  for  estimating  the  out-of-core  execution 
time  which  involves  "spill  logic." 

Sywinetric  Decomposition  In  Core 

The  steps  used  for  calculating  execution  time  are: 

1.  Calculate  or  estimate  the  active  column  factor  Ci  for  each  row  i. 
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2.  Calculate  the  maximum  value  CMAX,  the  average  value  C^^g,  and  the  RMS  value 
CBAR(C),  where: 


C2 


1 r r2 

fi  J S 


avg 


0) 

(2) 


and  N Is  the  order  of  the  matrix. 

3.  Determine  If  matrix  spill  logic  Is  required.  No  spill  occurs  when  the  following 
condition  Is  met: 


W > 


c ( c 
7 max  ' max 


3) 


(3) 


If  no  spin  occurs,  the  timing  equation  Is: 

T = \ M^C^N  + P Cj^g  N (4) 

Note  that  the  second  term  may  usually  be  Ignored. 

Note  that  the  example  in  Figure  2 shows  a poorly  banded  matrix  having  a significant  number 
of  widely  spaced  coupling  terms.  However,  examining  the  number  of  active  columns  listed  down 
the  right  side  of  the  figure,  we  observe  that  the  actual  value  of  C Is  only  about  70,  where  0 
is  the  number  of  active  columns  per  partition  X.  By  using  the  active  column  technique  of 
decomposition,  the  running  time  would  be  comparable  to  a banded  matrix  with  B ■ 70. 


14.4.3  Svnmetrlc  Decomposition  with  Spill 

When  the  matrix  decomposition  process  requires  splM  logic  to  compensate  for  limited  core 
storage,  scratch  files  are  used  for  temporary  out-of-core  storage  of  results.  The  non-zero 
matrix  terms  shown  In  Figure  3 are  subdivided  Into  core-sized  partitions,  or  "spill  groups," 
which  are  spilled  to  and  read  back  Into  core  fnm  these  scratch  files  as  necessary  to  finish  the 
processing.  Note  that  once  a group  Is  spilled,  each  row  of  that  group  Is  then  treated  separatel 
and,  as  such.  Is  read  back  In  only  If  It  Is  required  for  calculations  Involved  In  processing  a 
subsequent  group  when  It  occupies  core. 
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The  actual  spill  logic  in  the  NASTRAN  symmetric  decomposition  routines  is  very  complex,  and 
no  single  equation  is  adequate  for  estimating  the  resource  requirements.  A recoomended  procedure 
for  large-order  problems  is  to  submit  the  job  with  a deliverately  low  estimate  on  the  NASTRAN 
"TIME"  card  of  the  Executive  Control  Deck.  The  SOCPMP  routine  will  perform  the  time  and  core 
requirement  calculations,  print  the  pertinent  decomposition  parameters,  and  exit  due  to  the  low 
user-specified  time  limit.  However,  this  recomnendation  requires  full  development  of  the  solution 
matrices,  which  may  be  expensive.  Therefore,  an  approximate  method  is  given  below  which  will  aid 
in  preliminary  estimation. 

1.  Horizontally  subdivide  the  non-zero  partitions  of  the  matrix  into  spill  groups  which 
would  fit  in  available  core.  Ficure  3 illustrates  the  method  using  a banded  matrix  for 
simplicity.  The  number  of  rows  for  each  spill  group,  , Is  chosen  such  that: 

~ (2C.  - S.)  + 2C^  < W (5) 

where  W is  the  total  number  of  terms  which  may  fit  into  core.  The  shaded  area  in 
Figure  3 corresponds  to  the  available  core  space.  Incidentally,  note  that  is  less 
than  If  spill  logic  is  required. 

2.  For  each  row  in  a spill  group,  determine  the  number  of  groups  below  that  spill  group 
which  are  affected  by  that  row.  This  determines  the  number  of  passes,  N^^,  required 
for  reading  that  row  in  from  storage.  Note  that  each  row  in  a spill  group  may  have  to 
be  treated  separately.  In  the  example,  the  first  set  of  short  rows  in  Group  1 will  be 
processed  with  two  passes,  once  when  processing  Group  2 and  once  when  processing  Group  3 
The  long  rows  forming  the  second  part  of  Group  1 will  require  three  passes  since  it 
affects  three  groups  below.  Groups  2,  3,  and  4. 

3.  The  additional  CPU  time  required  for  the  spill  processing  is  approximately  the 
fol longing  value: 

^ * |^2P  Np.  (6) 

where  P is  tne  average  coefficient  of  the  pack  and  unpack  time.  is  the  number  of 
active  columns  for  each  row,  and  Np.  is  the  number  of  spill  passes  required  to  be  per- 
formed on  row  i.  Add  to  the  estimated  time  manually  required  for  decomposition 
without  spi'l  logic. 
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14.4.4  Forward-Backward  Substitution  - FBS.  GFBS 

Forward-Backward  Substitution  Is  the  second  step  of  the  general  solution  of  simultaneous 
equations.  It  follows  the  decomposition  of  a matrix  described  above.  The  FBS  module  performs 
these  operations  for  decomposed  symmetric  matrices,  whereas  the  GFBS  (General  FBS)  module  Is 
used  when  the  decomposed  matrix  Is  nonsymnetric.  Each  Is  discussed  separately  below.  The  basic 
matrix  equation  of  both  the  backward  and  the  forward  substitution  steps  Is: 

[U„„][X„p3  . [Y„p]  (7) 

where  [U]  Is  the  upper  triangular  matrix  resulting  from  decomposition,  [Y]  Is  given,  and  [X]  Is  to 
be  determined  as  the  matrix  of  P solution  vectors,  each  n rows  long. 

For  the  synmetrlc  code,  the  parameter  for  the  average  number  of  active  columns  Is 
obtained  from  the  same  estimate  used  for  symmetric  decomposition.  The  FBS  time  Is: 

'fBS  ■ <•> 

where  'v-  np/W.  Is  the  Integer  number  of  passes,  where  one  “pass"  Is  required  for  each 

core-held  partition  of  the  matrix  Y. 

For  the  unsymmetrlc  code,  the  bandwidth  B,  the  column  size  C of  the  upper  triangular  factors 
may  be  different  from  those  of  the  lower  factor  (§  and  C).  Combining  the  two  passes  (the  forward 
and  backward  substitution  steps),  we  obtain  the  following  equation: 

Tfgs  * npNi(B  + § + C <•  C)  + nP(B  + B ♦ C ♦ C ♦ (9) 

where  'v  np/H.  Is  the  Integer  number  of  passes  where  one  pass  Is  required  for  each  core-held 

partition  of  matrix  Y. 

14.4.5  Mode  Extraction  (Module  READ) 

Four  alternate  methods  of  extracting  normal  modes  are  available  In  NASTRAN.  Although  the 
Inputs  and  outputs  from  the  calculation  are  nearly  Identical,  the  Internal  operations  and  the 
time  and  core  requirements  differ  considerably.  The  methods  of  estimating  the  requirements  for 
each  of  the  four  methods  are  described  separately  below: 
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1)  Givens  - Householder  (6IV)  with  QR  Transforms  - This  process  requires  a Cholesky 

decomposition  of  the  mass  (or  differential  stiffness)  matrix.  In  most  cases,  the  0MIT 
(or  ASET)  procedure  must  be  used  to  remove  massless  components  and  may  be  used  to  reduce 
the  matrix  to  core-held  size,  In  which  case  the  execution  times  for  computing  the  manual 
modes  of  the  resulting  matrices  are  relatively  short.  However,  note  that  the  execution 
times  to  obtain  these  final  reduced  size  matrices  may  be  quite  significant.  When  the 
size  of  the  Input  dimension,  N,  becomes  too  large  for  the  final  matrices  to  fit  in 
core  (I.e.,  (N(N+1)/2  > M)),  the  execution  time  requirements  Increase  significantly 
due  to  spill.  The  following  calculation  steps  are  performed  for  Givens  eigenvalue 
extraction: 

a)  Use  SDC0MP  on  the  mass  matrix  (order  = N),  perform  an  FBS  to  Invert  the  triangular 
factor,  and  use  MPYAO  to  pre-  and  post-multiply  the  stiffness  matrix  to  obtain  the 
dynamic  matrix.  Estimating  equations  for  these  steps  have  been  given  earlier 
(refer  to  Theoretical  Manual,  Section  9.2). 

b)  Tridiagonal ize  the  dynamic  matrix  with  a CPU  time  for  execution  of  approximately 

= 4/3  M N^  + 1/2  PNWK,  (10) 

where  K = {(1/2  - 1)},  (K  > 0)  (11) 

and  the  term  In  brackets  Is  rounded  up. 

c)  Inverse  transform  the  resulting  eigenvectors  to  physical  coordinates.  This 
requires  a CPU  time  (T^)  of  approximately 

T^  • (12) 

2)  Inverse  Power  with  Shifts  (INV)  - In  the  Inverse  power  method,  the  normal  modes 
(eigenvectors)  are  obtained  Indirectly  through  an  Iteration  process.  The  matrices 
are  decomposed  Into  triangular  factors  at  "shift  points,"  each  of  which  may  be  used 
to  extract  several  eigenvectors.  Each  eigenvector  requires  an  approximate  average  of 
six  FBS  steps  and  six  matrix  multiplies  with  a single  column  right-hand  matrix.  For 
estimating  the  running  time: 


14.4-6 


ESTIMATING  CPU  Tllff  REQUIREMENTS 


«)  Calculate  the  SDCjWP  time,  T^,  for  deco«:?osing  the  sum  of  the  stiffness  and  mass 
matrix.  Calculate  the  FBS  and  MPYAO  time,  T^j,,  for  a single  column.  See  the  other 
parts  of  this  section  for  the  appropriate  estimating  algorithms. 

b)  The  total  time  estimate,  T,  would  then  be  approximated  by  the  equation: 

T + To(N^3)  + 6Tp„  • N^  (13) 

where  N^  Is  the  expected  nwnber  of  eigenvectors  to  be  extracted.  Note  that  these 
estimates  are  obtained  from  experience  with  well-behaved  systems.  When  closely 
grouped  frequencies  occur  or  a poor  Initial  estimate  of  a region  Is  chosen,  more 
Iterations  may  be  reqjlred  and/or  extra  shirt  points  may  have  to  be  considered. 

All  of  these  will  require  an  Increase  In  the  above  estimate. 

3)  FEER  Method  - No  accurate  methods  are  currently  available  for  estimating  the  running 
time  for  this  method.  However,  tests  Indicate  It  Is  faster  than  the  inverse  power 
method. 

4)  Determinant  Method  (PET)  - This  method  Iterates  to  an  eigenvalue  by  fitting  curves 
through  tne  matrix  determinant  at  trial  eigenvalues.  Because  of  its  Inherent 
Inefficiencies,  the  OET  option  Is  not  recommended  for  general  use.  The  only  reason 
for  Its  existence  is  for  checking  results  from  the  other  methods. 
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T»M«  2.  Uo«tficl«tur#  for  Hwlofl  Equotions. 


T - CPU  tiM 

N - Ordtr  of  square  aatrlx 

C - RNS  average  of  nueber  of  active  columns 

. sia«>le  average  of  nuiiber  of  active  colums 

U - Effective  core  space  (nueber  of  open  core 
cards/nuBber  of  words  per  Batrix  terBs) 

- Tight  loop  Bultiply  time  coefficient 
N - Loose  loop  Bultiply  time  coefficient 
p - Pack/Unpack  coefficient  for  Batrix  1/f 
B,§  - Bandwidths  for  unsymnatric  decoBposition 

n.B.p  - Matrix  diBensions  for  MPYAD 
K - NuBber  of  passes  for  spill  processing 
P^.Pg  - Density  of  Batrices  A and  B 
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MATRIX  PROBLEM;  [A(m  x n)]  x [B(n  x p)]  . [C] 

or 

[A(n  X «)f  X [B(n  X p)]  « [C] 

METHOD  1 (Holds  unpacked  parts  of  band  C in  core) 

T “ Mj^p^  tmp  + Pp^  fflnk^ 
where 

K,  > iSL^ 

is  the  integer  number  of  passes  in  reading 
the  A matrix. 

method  2 (Holds  packed  parts  of  A in  core) 

T = (M  + Mj)  p^  limp  + P(np  + mp) 


where 


K2  > 


2p»mn 


K2  is  the  integer  number  of  passes  in  reading 
the  B and  C matrices. 


method  3 (Sparse  B Matrix,  Transpose  Case  Only) 
T - MjPgmnp  + Ppg(np  + 1110)1(2 


Figure  1.  Approximate  Timing  Equations  for  MPYAD. 
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Figure  2.  Region  of  Matrix  Affected  by  Sywaetric  Decoaiposition. 
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14.5  estimating  OTHER  HARDWARE  REQUIREMENTS 

In  addition  to  the  CPU  time  requirements  previously  derived,  many  other  cost  factors  are 
Involved  In  estimating  the  overall  expanse  of  a NASTRAN  analysis.  These  factors  ranga  from 
the  hardware  costs  of  printing  plotting  the  results  to  the  very  significant  costs  of  the 
engineering  effort  necessary  to  model  the  structure.  Estimating  the  labor  costs  of  performing 
an  analysis  is  a major  subject  far  beyond  the  scope  of  this  guide.  This  section,  therefore. 
Goals  only  with  other  hardware  factors  which  Include  1/9  charges,  tape  mounts,  and  permanent 
file  requirements.  Because  many  -*f  these  Items  are  highly  dependent  on  the  operating  systems 
or  InsUUatlon  facilities,  additional  Information  may  be  required  by  the  user,  which  must  be 
obtalirsd  from  his  local  computing  facility. 

14.S.1  Input/Output  Data  Fil#  P*r»nr« 

In  NASTRAN.  most  of  the  intermediate  data  storage  is  placed  on  scratch,  bulk  storage  files 
which  may  be  repeatedly  accessed  during  the  Job  execution.  On  most  modem  hardware,  the  actual 
cost  for  this  process  is  billed  in  addition  to  the  CPU  costs,  and  defined  as  the  local  "l/0“  cost 

Several  different  methods  are  used  by  the  computer  operating  systems  to  charge  the  user 
for  this  1/9  activity.  Some  of  these  are: 

1)  Charges  for  the  total  number  of  words  or  bits  of  data  transferred  through  the  1/0 
hardware. 

2)  Charges  for  the  total  file  space  requested  and/or  used  by  the  program. 

3)  Charges  for  the  number  of  calls  to  the  peripheral  processor  (PP)  routines  which 
control  the  1/0  operations. 

4)  Charge  for  the  total  actual  clock  time,  which,  on  some  systems  may  be  the  primary 
cost  factor. 

Many  operating  systems  use  a combination  of  the  above  factors  in  calculating  system  resource 
units  or  equivalent  cost  units  for  1/0  activities.  In  NASTRAN.  all  of  these  activities  tend  to 
Increase  directly  with  model  size,  and  their  costs  tend  to  be  proportional  to  CPU  costs. 

However,  unlike  the  CPU  charges,  the  user  may  modify  the  1/0  costs  by  changing  NASTRAN  parameters 
or  procedures.  Some  of  his  options  are: 
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1)  If  the  system  charges  are  primarily  for  1/0  routine  calls  as  In  (3)  above,  the  buffer 
size  parameter,  BUFSIZE,  defined  on  the  NASTRAN  card,  may  be  Increased  to  Increase  the 
amount  of  data  transferred  In  each  1/0  call,  which  reduces  the  number  of  calls  required 
See  Section  2.1  of  the  User's  Manual  for  details.  However,  note  that  the  Increased 
buffer  space  will  correspondingly  decrease  the  core  space  available  for  computation 
whicha  In  turn,  could  affect  the  CPU  cost. 

2)  If  the  system  charges  are  primarily  for  the  amount  of  data  storage,  as  In  (1)  above, 
and  the  problem  size  Is  small,  the  BUFSIZE  parameter  may  be  decreased.  This  will 
reduce  the  space  taken  up  by  nearly  empty  blocks  of  data  on  the  file  and  will  give 
the  program  more  useable  core  space. 

3)  On  IBM  hardware,  the  size  and  number  of  working  files  Is  controlled  by  the  Job  Control 
Deck.  Although  the  standard  NASTRAN  setup  Is  designed  for  efficiency  In  a normal 
analysis,  the  number  and  sizes  of  these  files  can  be  expanded  or  contracted  for 
unusual  cases.  On  other  hardware,  the  number  and  size  of  the  files  are  controlled  by 

the  program. 

4)  With  very  large  structural  matrices,  the  checkpoint  file  may  become  very  large.  In 
many  cases,  much  of  the  data  stored  on  this  file  will  not  be  used  In  scheduled 
restarts.  A suggested  procedure  is  to  run  a small  pilot  model  through  the  entire 
procedure  and  note  which  checkpoint  files  are  necessary  for  the  restart.  The  DMAP 
ALTER  feature  may  be  used  to  eliminate  the  unnecessary  checkpoint  Instructions  to 
reduce  the  size  of  the  checkpoint  file. 

It  should  be  noted  that  all  of  the  above  procedures  are  recomnended  only  for  the  experienced 
NASTRAN  user.  Some  experimentation  with  pilot  runs  may  be  necessary  to  check  out  and  validate 
the  particular  combination  of  operating  system  changes  and  NASTRAN  analysis  modifications 
selected  by  the  user. 

14.5.2  Tape  and  Remanent  File  Requirements 

The  NASTRAN  user  may  employ  several  options  to  archive  data  on  bulk  storage  devices  for 
subsequent  jobs.  These  Include  using  the  checkpoint  procedures  or  the  0UTPUT1  modules  which 
wrUe  user  tapes.  Since  these  user  tapes  generally  contain  only  single  matrices  or  block  data, 
their  size  requirements  are  not  crucial.  However,  some  care  may  be  necessary  In  the  use  of  the 
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checkpoint  procedures  which  are  Initiated  with  the  Executive  Control  Deck  CHKP0INT  comnand.  The  | .1 

fUTPUTI  modules  are  called  Into  service  with  DMAP  alters  Input  also  via  the  Executive  Control  Deck.  f | 

1 1 

The  NASTRAN  checkpolnt/restart  procedures  may  employ  system  permanent  files,  private  disk  I 

packs,  or  physical  tapes  for  the  NPTP  (New  Problem  Tape).  The  NPTP  file  Is  a single  file  which  ^ 

could  easily  exceed  the  space  available  on  a single  tape  or  disk  pack.  The  user  Is  cautioned  to  ^ 

check  with  his  computer  center  operations  to  obtain  procedures  for  specifying  mu1t1*un1t  files 
for  checkpoint  runs  on  any  large-order  structural  problems. 


14.5.3  Substructure  Operating  File  (S0F)  Requirements 


In  the  automated  multi-stage  substructure  system  (AMSS),  a data  base  file  system  Is  used  to 
store  all  data  required  for  solving  problems  with  substructuring.  The  Substructure  Operating 
file  (S^F)  Is  a single  random  access  data  base  which  may  reside  on  from  one  to  ten  system  files. 
New  files  may  be  added  to  store  the  S0F  as  the  data  base  grows,  but  the  maximum  size  of  each  file 
must  be  specified  on  the  run  In  which  the  file  is  first  used.  File  size  resources  for  each  new 
substructure  that  is  to  be  added  to  the  data  base  are  estimated  based  on  the  expected  size  of  the 
corresponding  NASTRAN  data  block  to  be  stored.  Each  substructure  will  require  storage  of  basic 
structural  data  Including  the  stiffness  matrix,  with  options  forthe  mass,  load,  damping,  and 
solution  matrices.  In  addition,  transformation  matrix  (H0RG)  is  required  for  each  substructure 
which  contributes  to  a higher  level  combination  structure  or  to  a reduced  structure.  The  system 
automatically  reports  the  space  available  on  the  S0F. 


Several  options  are  given  In  the  system  to  maintain  and  control  S0F  file  space.  At  each 
stage  of  the  process,  the  space  used  currently  and  the  unused  space  available  are  printed  autc- 
matlcally.  Additional  files  may  be  attached  at  any  stage  to  provide  more  space  for  storage  of 
the  S0F.  Finally,  unused  substructure  data  or  data  no  longer  required  for  subsequent  operations 
may  be  deleted  or  edited  from  the  files  by  the  user  In  order  to  make  that  space  available  for 
future  operations. 
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15.  DIRECT  MATRIX  ABSTRACTION  PROGRAM  (OMAP) 

1S.1  OmP  OVERVIEW 

OMAP  Is  tht  "proorsinnlng  Unguag*"  of  NASTRAN  which  controls  tht  txtcutlon  logic  %ni  stqutnct 
of  tho  NASTRAN  program  oporatlons.  Each  OMAP  1nst» action  causes  a block  (module)  of  NASTRAN 
code  to  be  executed,  and  each  Rigid  Format  Is  simply  a sequence  of  OMAP  Instructions  permanently 
stored  In  NASTRAN.  The  user  may  code  and  execute  a OMAP  sequence  In  place  of  a Rigid  Format. 

He  may  also  make  changes  to  the  Rigid  Formats  through  the  use  of  ALTER  and  OMAP  data.  In 
either  case,  these  Instructions  are  always  Included  In  the  Executive  Control  Deck  (U6  6). 

The  format  and  detailed  usage  of  the  user-oriented  OMAP  Instructions  are  decrribed  In 
Section  5 of  the  User's  Manual.  NASTRAN  modules  are  described  In  Section  4 of  the  Programmer's 
Manual.  The  types  of  tasks  which  can  be  performed  by  NASTRAN  using  OMAP  Instructions  fall  Into 
the  following  categories. 

1.  Executive,  e.g..  Jump,  checkpoint,  equivalence  files,  exit  (UM  5.3.4). 

2.  Utility,  e.g.,  print  or  copy  files,  manipulate  parameters  (IW  5.3.2). 

3.  Matrix  Arithmetic,  e.g.,  add,  multiply,  transpose  matrices  (UM  5.3.1). 

4.  Structural,  e.g.,  assemble  tables,  calculate  element  data  (PM  4). 

The  first  three  categories  are  Intended  for  general  user  applications.  However,  the  structure 
oriented  modules  require  specialized  Input  tables  and  are  Intended  for  use  In  the  Rigid  Formats. 

In  addition,  several  dumny  modules  have  been  Implemented  In  NASTRAN  for  which  the  user  may 
Implement  his  own  code  (PM  6.7  and  6.12). 

The  next  section  presents  a guide  to  the  rules  governing  the  use  of  OMAP  Instructions  In 
NASTRAN.  This  Is  followed  by  a description  with  Illustrative  examples  using  each  of  the  four 
categories  of  operations  defined  above. 
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15.2  FUNDAMENTAL  ONAP  RULES 

The  DMAP  code  mey  be  viewed  es  e progrem  In  which  the  variables  are  data  blocks  residing* 
on  I/f  devices  and  simple  parameters  which  remain  in  core.  The  DMAP  module  instructions  are 
equivalent  to  subroutine  calls  in  which  the  user  selects  the  input  and  output  variables  and 
the  subroutine  performs  a predefined  operation.  The  general  format  for  a module  instruction 
is: 

MDDLIE  INI,  IN2,  ...  /fUTl,  #UT2,  ...  /param  1/param  2/  $ 


where  MIDULE  is  the  name  of  the  operation,  INI,  IN2,  etc.,  are  user-selected  names  of  input 
data  blocks,  fUTl,  0UT2,  etc.,  are  names  of  output  data  blocks,  and  param  1,  param  2,  are  fields 
used  for  defining  the  parameters.  As  in  a FORTRAN  subroutine,  the  number  of  variables  and  their 
order  In  a module  instruction  are  Important. 

The  Input  and  output  data  block  names  are  chosen  arbitrarily;  their  position  In  the  Instruc- 
tion provides  the  Instructions  to  the  module.  Guidelines  for  data  block  specification  are: 

1.  Blank  fields  or  two  successive  commas  Indicate  a "purged''  data  block.  The  module 
specifications  indicate  where  purged  data  blocks  are  legal. 

2.  Data  blocks  must  reside  on  distinct  files,  i.e.,  the  names  are  distinct  and  not 
equivalenced. 

3.  Input  data  blocks  should  be  logically  available  as  output  from  previous  modules,  as 
outputs  from  the  preface,  or  as  checkpointed  data  blocks  on  a restart  run. 

The  parameter  fields  in  the  DMAP  instructions  may  take  several  forms.  Examples  are  listed 
below: 

/(blank)/  or  dropped  from  end  - The  module’s  default  value  is  used. 

/VAR/  or  /V,  N,VAR/  • VAR  is  a variable  input  parameter  name. 

/23.?/  or  /C,N,23.2/  - An  input  constant,  23.2  Is  specified. 

/VAR-16/  or  /V,N, VAR-16/  - The  variable  VAR  is  given  an  input  value  if  not  previously  set. 

/V,S,LUSET/  - The  output  parameter  LUSET  is  saved. 

The  types  of  constants  used  in  the  parameter  fields  are  specified  In  the  module  descriptions 
and  must  be  consistent.  The  types  of  constants  used  are  Integers,  real  numbers,  complex  numbers, 
and  BCD  flags. 
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15.3  EXECUTIVE  OPERATIONS 

Th*  fttnMti  for  tho  Extcutiv#  Instructions  srt  loss  rostrlctlvo  thon  tho  funetlonol  MoAilos. 

Th#  Input  ond  output  dots  block  fluids  moy  bo  missing  and  paramotors  aro  spocifiod  with  only  tho 
vorlablo  nawo.  Exocutivo  Oporatlons  Instructions  or  statomonts  aro  dividod  Into  ponorol  catoflorlos 

as  follows: 

1.  Ooclarativo  Instructions  FILE,  BEGIN,  and  LABEL  which  aid  tho  OHAP  conpllor  and  th# 
fllo  allocator. 

2.  Instructions  CHKPNT,  EQUIV,  PURGE  and  SAVE  which  aid  Tho  NASTRAN  oxocutivo  systom 

In  allocating  fllos.  Interfacing  botweon  functional  modules  and  In  rostartlnp  a problem. 

3.  Control  Instructions  KEPT,  JUMP.  CpNO.  EXIT,  and  END  which  control  the  order  In  which 
OMAP  Instructions  are  executed. 

Tho  rules  associated  with  tho  Executive  Operations  Instructions  aro  distinct  for  each  Instruc- 
tion and  are  discussed  Individually  In  Section  5.7  of  the  User  s Manual. 

examples  of  executive  module  formats  are: 

BEGIN  - Define  start  of  OMAP 

LABEL  LBL1  - Provide  a label  for  jumps,  etc. 

C|N0  LBL2,  PARAM  - Conditional  jump  to  label  LBL2 

EQUIV  OBI.  0B2/PARAM  - Equivalence  two  data  blocks 

CHKPNT  DBl,  DB2,  DB3  - Write  data  blocks  on  checkpoint  file 

EXIT  - Stop  the  program 

The  example  that  follows  Is  most  useful  for  those  situations  which  call  for  controlling 
the  partial  execution  of  a Rigid  Format.  The  subsequent  sections  present  additlonel  exemples 
of  execution  operations. 


OIREa  MATRIX  ABSTRACTION  PROGRAM  (OMAP) 
Example  1 - Partial  Execution  of  Rigid  Format  1 


Alter  Rigid  Format  1 

(Static  Analysis) 

Card 

No. 

SE. 

1 

ID 

EXAMPLEI.MBOES 

h-: 

V, 

2 

APP 

OISP 

3 

S0L 

1,0 

4 

TIME 

2 

5 

ALTER 

"1 

6 

EXIT 

• 1 

7 

ENOALTER 

8 

CEND 

9 

TITLE 

- DMAP  EXAMPLE  1 

PL0TID  » M0OE1  DESIGN  CHECK 
RUTPUT  (PL0T) 

SET  1 ALL 
FIND  SET  1 
PL0T 

BEGIN  BULK 


BULK  DATA  FIELD 


Cf  NRfD  1 
CINRRO  2 
GRID  1 
GRID  2 
GRID  3 
MAT1  1 
ENOOATA 


NOTES  ON  CAROS: 


4 

5 

6 

7 8 

2 

1 

1.0 

j 

3 

1 

1.0 

0,0 

0.0 

0.0 

I 123456 

1.0 

1.0 

0.0 

3456 

2.0 

0.0 

0.0 

1 123456 

( 

Use  displacement  approach. 

Use  Rigid  Format  1. 

Instructlon(s)  after  Line  17 
by  the  S0L  card  {UM  2.3.1). 

NASTRAN  will  execute  the  Rigid  Format  up  to  the  point  where  It 
encounters  "EXIT"  where  It  will  teimlnate. 

End  of  Rigid  Format  alters. 
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15.4  UTILITY  OPERATIONS 

Th€  Utility  Optratlon  Instruction  (User's  Manual  5.3.2)  can  be  divided  Into  general  cate* 
gorles  as  follows: 

1.  Read  and  write  of  user  tapes  (e.g.,  INPUT,  INPUTT1,  WTPUT1) 

2.  Matrix  and  table  printout  (e.g.,  MAT6PR,  MATPRN,  NATPRT,  TABPRT,  TABPT) 

3.  Manipulate  parameters  (e.g.,  PARAH.  PRTPARM,  SETVAL) 

4.  Display  matrix  topology  (e.g.,  SEEMAT) 

5.  Generate  partitioning  vectors  (e.g.,  VEC) 

These  utilities  are  particularly  helpful  for  debugging  a structural  model  as  well  as  for 
checking  out  new  routines  developed  by  a user.  Also,  wlien  external  programs  are  to  be  used 
for  data  preparation  for  input  to  NASTRAN,  or  for  post  processing  the  results  obtained  from 
NASTRAN,  these  utilities  facilitate  the  transmission  of  the  data  (User's  Guide,  Section  9). 
Examples  of  these  utilities  are  presented  below  and  in  subsequent  sections. 


DIRECT  MATRIX  AISTRACTION  PROGRAM  (DMAP) 


Ex«ipl«  2 - Printout  of  Table  Data 

Alter  RI9M  FofMt  1 (SUtIc  Analysis)  to  print  the  grid  point  coordinates  In  the  basic  eoor- 
dlnete  systeia. 


Card 

Wo. 

1 ID  EXAMPi.E?,BGPDT 

2 APP  DISP 

3 SiL  1,0 

4 TIME  3 

5 ALTER  5 | 

6 TA8PT  BGP0T.,.,//$  j 

7 ENDALTER 

B CEND 

9 TITLE  • DMAP  EXAMPLE  2 

10  BEGIN  BULK 


j 


I 


NOTES  ON  CAROS:  2. 

3. 

5. 

6. 
7. 


Use  displacement  approach. 

Use  Rigid  Format  1. 

*!!**r^  5?*  lamedlately  following  DMAP  Instructlon(s)  after  Line  5 
of  the  Rigid  Format  Identified  by  the  S0L  card. 

Print  the  Basic  Grid  Point  Data  Table  (PM  2. 3. 3. 5). 

End  of  Rigid  Format  alters. 
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Example  3 - Write  User  Tape  end  Printout  Intermediate  Matrix 

The  followino  Illustrates  the  writing  of  a user  Upe  via  FORTRAN  for  use  In  subsequent  processing 
outside  NASTRAN.  The  matrix  data  represents  the  mode  shapes  for  the  reduced  set  (u^)  of  dynamic 
degrees  of  freedom  (Theoretical  Manual,  Section  9.3.1)  computed  with  Rigid  Format  3 (User's 
Manual  3.4.1). 

Card 

JS. 

1 ID  EXAMPLE3.TEST2 

2 APP  01 5P 

3 TIME  10 

4 S0L  3.1 

5 ALTER  91  j 

6 0UTPUT2  PHIA,,,,//-1/11/C,N.TEST2  $ | 

7 0UTPUT2 //-9/11  $ I 

8 MATGPR  GPL.USET,SIL,PHIA//C.N,FE/C,N.A  $ I 

9 ENOALTER 

10  CEND 

11  TITLE  - B0X3  FRAME 

12  SPC  « 12 

13  METH0D  - 3 

14  DISP  • ALL 

15  PLOTID  • MlOE  SHAPES  WITHOUT  EQUIPMENT 

16  OUTPUT(PLOT) 

17  SET  1 • ALL 

18  VIEW  34..  30..  0. 

19  MAXIMUM  DEFORMATION  12.0 

20  FIND  SCALE 

21  plot  modal  DEFORMATIONS  0.  SET  1 SYMBOLS  2.  SHAPE 

22  BEGIN  Bl-.K 

23  ENOOATA 
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NOTES  ON  CAROS: 


9. 

10. 

11-21. 


22-23. 


Requests  execution  of  Normal  Modes  Analysis. 

Insert  followinq  alter  package  following  DMAP  Instruction  91, 

Rigid  Format  3. 

Requests  output  via  F0RTRAN  of  the  mode  shapes  for  displacement  set  u^ 

to  user  tape  on  FORTRAN  Unit  11  after  rewinding  and  writing  the  NASTRAN 
la^l  TEST2.  (See  U6  10  for  fBRTRAN  unit  assignments.) 

Writes  final  end  of  file  (EOF)  on  the  tape.  Note  that  the  first  comma 
Is  required  as  a delimiter  when  the  first  field  Is  blank. 

Requests  printout  of  the  same  mode  shape  matrix  for  all  modes  generated 
(Number  of  modes  Is  FE,  Degrees  of  Freedom  Set  is  A). 

Concludes  the  alter  package.  ' 

Concludes  the  Executive  Control  Deck. 

Case  Control  deck  which  specifies  the  constraint  set,  selects  from  Bulk 
Data  the  method  of  elgehvalues  extraction,  requests  printing  of  the  mode 
shapes  for  all  grid  points  and  directs  the  structural  plotter  package 
to  plot  all  mode  shapes  underlayed  by  the  undeformed  plot  of  the  model 
using  all  elements. 

Contain  the  Bulk  Data  Deck  for  the  model  which  would  Include  either  (WIT 
or  ASET  data  to  reduce  problem  size  via  Guyan  reduction  to  the  desired 
displacement  set  u,. 

a 
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MATRIX  OPERATIONS 

15.5  MATRIX  OPERATIONS 

The  Matrix  Operation  instructions  (User's  Manual  5.3.1)  include  the  basic  functions  of 
adding,, multiplying,  partitioning,  merging,  transposing  and  solving  matrix  equations  with 
single  and  double  precision,  real  or  complex  data.  These  OMAP  instructions  may  be  used  to 
process  any  matrix  data  generated  by  NASTRAN  or  input  to  NASTRAN  from  outside  sources  via  the 
user  tape  facilities. 


Examples  4 - Processing  with  User  Supplied  Matrices 


The  following  example  illustrates  a complete  DMAP  sequence  for  reading  two  matrices  from  user 
tape,  adding  them  together  and  printing  the  results. 

Card 

No. 


1 

ID 

EXAMPLE4.ADD 

2 

APP 

DMAP 

3 

TIME 

5 

4 

BEGIN 

$ 

5 

1NPUTT2 

/MTXA.MTXB.../-1/15/*B! 

6 

ADD 

MTXA.MTXB/MTXSUM/  S 

7 

MATPRN 

MTXA,MTXB,MTXSUM,,//  $ 

8 

END 

$ 

9 

CEND 

10 

BEGIN  BULK 

11 

ENOOATA 

NOTES  ON  CARDS: 


2. 

4. 

5. 


6. 

7. 

8. 

9. 

10-11. 


Defines  DMAP  approach. 

Initiates  input  of  user  specified  DMAP  sequence. 

matrices  (MTXA  and  MTXB)  from  user  tape  on  FORTRAN 
^STRAN  by  a program  external  to 

flSTPUTPnir^^V?^^  ^ written  with  NASTRAN  using 

identlficatlon^’^'^  NASTRAN  tape  label  B9U  is  used  for  positive 

Add  the  two  matrices  to  form  MTXS^IM. 

Printout  all  three  matrices. 

Terminates  OMAP  sequence. 

Terminates  Executive  Control  Deck. 

**‘=*P‘  ^0'“  initiation  of  the  Bulk  DaU 
contain  at  least  one  Bulk  Data  Card  (t.g.,  OMI  card 
Tnput  st^am^*  ENOOATA  card  required  to  terminate  the  NASTRAN 


15.5-1 


STRUCTURM.  ORERATIORS 

1S.6  STRUCTURAL  OPERATIONS 

Th«  Strueturil  0;>trat1on  Instructions  (Progrsiinior's  Nsnual.  Stctlon  4)  Inclirtto  all  Uw 
basic  functions  for  solving  structural  probloas.  Those  Include  processing  of  basic  Inpvt  data* 
generation  and  assenbly  of  element  and  user  specified  stiffness,  mass,  damping  and  lead  matrices* 
execution  of  static  and  dynamic  analyses  and  data  recovery.  The  modules  called  ty  these  ONAP 
Instructions  may  In  turn  call  the  utility  mavrix  operation  subroutines  as  required  to  precets 
the  data. 

The  best  examples  of  use  of  the  Structural  Operation  (MAP  Instructions  are  the  Rigid  Formats 
themselves.  A simple  application  Is  Illustrated  below.  For  more  complex  applications*  see  the 
Substructuring  sample  input  In  this  Guide.  Section  20.  Additional  exaamles  are  given  In  the 
User's  Manual.  Section  5.4. 


Example  5 - Replace  Program  Generated  Data  with  User  Data 

This  example  Illustrates  an  alter  to  Rigid  Format  3 (Normal  Node  Analysis)  so  that  a mast 
matrix  Input  on  IMIG  Bulk  Data  cards  Is  used  In  place  of  the  NASTRAN  generated  most  matrix. 
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DIR  . MWRIX  MSTRRCTIOH  PROGRAM  (DMAP) 


EXAMPLES .OMIG 


5 ALTER  28.28 

6 MTRXIN,  MATPWL,EQEXIN,SIL,/MFR0MOMI/,,/LUSET/N8MGG/O/O 

7 ENDALTER 

8 ALTER  30 

9 EQUIV  MFR0MOMI.MGG/  $ 

10  ENDALTER  , 

n CEND 

12  TITLE  = DMAP  ALTER,  EXAMPLES 

13  METHOD  « 10 

14  DISP  - ALL 

15  BEGIN  BULK 


BULK  DATA  FIELD 


CONROD  1 

CONR0D  2 

DMIG  MFR0 

DMIG  MFRR 

DMIG  MFR9 

EIGR  10 

>EIG10  MAX 

GRID  1 

GRID  2 

GRID  3 

MATl  1 

ENDDATA 


1 1 

2 2 

MFR0MDMI  0 
MFROMIMI  2 
MFR9MDMI  2 


NOTES  ON  CARDS: 


2.  Use  displacement  approach. 

3.  Select  Maid  Format. 

5.  Rwlace  line  28  of  Rigid  Format  3 (UM.  3.4.1)  with  the  follwdng  DMAP 

6.  Use  the  structural  operation  MTRXIN  (PM  4.S7)  to  replace  SMA2  (PM  ) 
and  create  the  matrix  MFROMDMI  supplied  by  the  user  on  OMIG  Bulk  Data 
cards.  Sets  flag  NPMG6  • 1 If  that  matrix  Is  created,  otherwise  sets 
flag  to  -1. 

7.  Conclude  current  alter  package. 

8.  Initiate  another  alter  package  to  be  Inserted  following  line  30  of  Rigid 
Format  3 (without  replacing  line  30). 
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STRUCTURAL  OPERATIONS 


NOTES  ON  CAROS  (cont'd): 


9.  Equivalence  user  supplied  matrix  (MFRJHOMI)  to  the  NASTRAN  mass  matrix 
(H66).  This  user  supplied  matrix  will  now  be  used  In  all  subsequent 
operations  which  reference  N6G. 

10.  Concludes  current  DNAP  alter  package, 
n.  Concludes  Executive  Control  Deck. 

12-15.  Case  Control  deck  for  extracting  normal  modes  -nd  specification  of 
output  requests. 

18-20.  Provides  data  for  user  supplied  mass  matrix  referenced  above  by  the 
name  provided  here  (MFR0MOMI). 


SPECIE  NOTE:  The  data  set  MATP90L  used  as  Input  for  MTRXIN  (Card  No.  6)  Is  generated  during  the 
NASTRAK  preface  operation  (PM  2.3.2)  and  Is  not  an  output  from  a previously  specified  DMAP 
Instruction. 


9 
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16.1  INTRODUCTION 


16.  NASTRAN  EXTERNAL  INTERFACES 


NASTRAN  Is  « true  general  purpose  computer  program.  As  such,  It  may  be  used  to  perform  a 
wide  range  of  structural,  structural  with  nonstructural  interactions,  and  many  other  problem  with 
physical  phenaenon  that  can  be  defined  in  matrix  equation  format.  Because  of  NASTRAN's  versatility, 
requirements  often  exist  for  the  transfer  of  data  between  NASTfSAN  and  other  coaiputer  programs  or 
between  different  organizations,  each  using  NASTRAN. 

Data  transfer  to  and  from  NASTRAN  may  be  performed  using  the  following: 

1.  Preprocessors  for  performing  lutomatic  data  generation,  data  checking  and  updating, 
data  conversion  to  NASTRAN  format,  grid  point  resequencing,  partition  vector  genera* 
tion,  radiation  view  factor  generation,  etc. 

2.  NASTRAN  output  as  input  to  poitpro  .essors  which  perform  data  scanning,  transient 
response  data  conversion  to  generate  acceleration  input,  plot  file  editing,  report 
generation,  shock  spectrum  analyses,  etc. 


3.  NASTRAN  DMAP  and  Substructure  Control  Deck  commands  for  transfer  of  substructuring 
data  tables  and  matrices  from  NASTRAN  to  magnetic  tape  or  disk  and  vice  versa  for 
back-up  sto-age  or  as  input  to  NASTRAN  at  other  facilities,  even  if  the  co«n)uters  are 
different. 


4.  Special  NASTRAN  Bulk  Data  Deck  cards  for  direct  matrix  and  table  input  to  represent 
special  purpose  and  unusual  model  requirements,  load,  or  response  phenomenon. 

5.  Special  matrix  and  output  data  card  punching  caprhility. 

The  data  transfer  capabilities  to  and  from  NASTRAN  listed  above  are  described  in  this  section. 
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16.2  PRE-  AND  POSTPROCESSORS 

Computer  programs  *rt»1ch  Interface  as  pre-  and  postprocessors  with  NASTRAN  are  available  from 
government  sources.  Such  special  purpose  programs  have  been  developed  to  perform  automatic 
bulk  data  generation,  grid  point  resequencing,  radiation  view  factor  generation,  and  other  data 
generation  or  output  scanning  and  reporting  tasks. 

COSMIC,  NASA's  Computer  Software  Management  and  Information  Center,  Is  a clearinghouse  where 
government-sponsored  and  maintained  software  is  transferred  from  government  agencies  to  the 
industry.  COSMIC  is  responsible  for  distributing  NASTRAN  and  the  many  NASTRAN-related  pre-  and 
postprocessor  programs  that  have  been  developed.  To  obtain  a catalog  of  programs  available 
through  COSMIC,  write  or  call: 


COSMIC 

Suite  112,  Barrow  Hall 
University  of  Georgia 
Athens,  Georgia  30602 

Director:  Dr.  Harold  Hale 

Telephone:  (404)  542-3265 
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NASTRAN  HODULES  FOR  tMTA  TRANSFER 
16.3  NASTRAN  NODULES  FOR  DATA  TRANSFER 

NASTRAN  providts  tht  capability  for  ostrs  to  convanlantly  and  taslly  tranafar  data  fro«, 
NASTRAN  to  usar  tapes  or  disk  files.  Access  to  th^s  capability  Is  provided  through  the  seven 
ONAF  nodules  listed  below: 


Nodule 

Data  Format 

Operation 

INPUni 

GlNg 

Read 

INPUTT2 

FgRTRAN 

Read 

gUTPUTl 

GIN0 

Write 

gUTPUT2 

FgRTRAN 

Write 

6UTPUT3 

■•0MI“  Card 

Punch 

TABPCH 

"DTI"  Card 

Punch 

EXig 

User  Selected 

Read  and  Write 

The  user  must  code  a OMAP  sequence  or  use  a Rigid  Format  alter  to  make  use  of  these 
utilities,  except  for  EXig.  The  Substructure  Control  Deck  commands  SiFgUT,  SPFIN,  RESTfRE, 
DONP,  and  CHECK  may  be  used  to  execute  EXig.  Each  module  and  Its  use  Is  explained  In  the 
sections  that  follow. 

16.3.1  NASTRAN  61 N6  Files 

The  most  efficient  way  to  transfer  NASTRAN  data  blocks  from  one  run  to  another  on  the  sane 
type  of  computer,  Is  through  the  use  of  INPUTTl  (Proqramner's  Manual . Section  4.96)  and  fUTPUTI 
(Frogranner’s  Manual.  Section  4.100).  These  nodules  use  the  NASTRAN  read/write  filNg  (tenoral 
Input/Output)  routines.  Instructions  and  examples  for  using  INPUTTl  and  guTPUTI  are  presented 
In  the  User's  Manual,  Section  S.S. 

16.3.2  NASTRAN  PgRTRAN  FI  las 

The  NASTRAN  utility  modules  INPUTT2  (Programner's  Nanual,  Section  4.W)  and  gUTPUTt 
(PregreMier't  Nanual,  Section  4.101)  provide  u general  capability  for  Interfacing  NASTRAN  with 
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r 

rr 

f 

\ other  computer  programs  and  pre-  and  postprocessors . -Those  tv<o  utility  programs  read  (or  write) 

► 

^ data  blocks  (tables  or  matrices)  from  tape  or  disk  files  using  unformatted  FORTRAN  READ  and  WRITE 

statements.  Instructions  and  examples  for  using  INPUTT2  and  ffUTPUTE  are  presented  In  Section  S.S 

I of  the  User's  Manual. 

L 

^ 16.3.3  NASTRAN  Punch  Files 

t \ 

User's  may  create  punched  card  records  of  NASTRAN  matrices  and  tables  using  DMAP  modules 

[ WTPUT3  (Programmer's  Manual,  Section  4.102)  and  TABPCh  (Programmer’s  Manual,  Section  4.103). 

I These  records  are  useful  for  long-term  storage  of  data  1n  a physical  format.  Punched  card  files 

on  magnetic  tape  are  a convenient  v»ay  to  transfer  NASTRAN  data  between  different  types  of 
computers.  Note  that  If  the  data  transfer  Is  to  be  via  magnetic  tape,  such  data  transfer  from 
one  make  of  machine  to  another  will  nornally  require  assistance  from  computer  support  personnel 
at  both  machine  sites, 

DUTPUT3  and  TABPCH  generate  punched  card  data  in  NASTRAN  Bulk  Data  Deck  card  formats:  DMI 

1 and  DTI,  respectively.  These  data  card  foi*rats  ate  presented  in  Section  2.4  of  the  User's  Manual. 

Details  regarding  restrictions  on  their  use  are  presented  under  "Remarks"  for  each  bulk  data  card 
description. 

Instructions  for  using  0UTPUT3  and  TABPCH,  with  examples,  are  presented  in  Section  5.5  of  the 
User’s  Manual.  Note  that  to  use  DMI  or  DTI  data  blocks,  an  appropriate  DMAP  sequence  or  alter 
package  must  be  written. 

16.3.4  NASTRAN  SgF  Files 

NASTRAN  provides  special  capability  for  transfer  of  substructuring  data  files  between 
different  types  of  computers.  This  capability  is  accessed  using  the  S#FguT(£XTERNAL)  and 

^ SfFIN(EXTERNAL)  automated  substructuring  commands.  More  efficient  operations  are  available  If 

the  data  is  to  be  transferred  between  computers  of  the  same  type.  Use  of  these  external  transfer 
conmands  in  the  Substructure  Control  Deck  automatically  results  in  a DMAP  call  to  module  EXI0 
(Programmer’s  Manual,  Section  4.130).  The  external  form  of  S0F0UT  and  SdFIN  cause  unformatted 
data  records  on  the  Substructure  Operating  File  to  be  converted  to  formatted  records,  similar  to 
punch  or  print  records.  These  recrods  may  be  saved  on  magnetic  tape  and,  as  formatted  records, 
they  can  easily  be  read  into  NASTRAN  on  a different  type  of  computer.  Detailed  instructions  for 
using  the  S0FIUT  and  SiFIN  commands  are  presented  in  Section  2.7  of  the  User’s  Manual. 
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When  transferring  substructure  data  with  these  commands,  the  user  must  consider  tape 
standards  and  character  sets  of  the  two  machines  to  be  Involved.  For  example,  when  creating  a 
tape  on  a CDC  computer  for  Input  to  an  IBM  machine,  the  COC  user  must  request  his  output  tape 
be  In  the  EBCDIC  character  format.  This  request  must  be  done  using  Installation-dependent 
Job  control  cards.  The  BCD  character  set  would  be  specified  If  the  Input  were  to  be  either  to 
COC  or  to  UNIVAC  hardware.  Mote  that  external  SBF  files  utilize  a standard  block  size  and  should 
not  be. reblocked  outside  of  SASTRAN. 
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17.1  INTROCUCTION 

In  Mrllt;  stctlons  of  this  Mnuol  gtntral  principits  for  modtllng  structuros.  controllinf 
solutions,  and  optrating  In  tha  NASTRAN  anvlronmant  ara  prasanttd.  Tht  follOMitig  stctlons  contain 
more  specific  rults  and  guidelines  particularized  for  the  application  of  NASTRAN  to  each  type  of 
analysis.  These  discussions  are  augnented  by  annotated  examples  Illustrating  typical  options.  As 
a guide  to  Identifying  sections  o:  Interest  to  the  reader,  the  paragraphs  that  follow  outline  how 
to  plan  for  special  applications  of  NASTRAN,  and  they  sumnarlze  each  In  order  of  presentation  In 
later  sections. 

These  special  applications  are  also  discussed  In  order  of  decreasing  frequency  of  useage  and 
generality.  The  rules  and  guidelines  presented  In  the  first  two  sections,  sutics  and  dynamics, 
apply  to  the  remaining  special  topics.  Nethods  of  analysis  are  presented  In  the  latter  sections 
because  of  their  specialized  nature  and  requirements  for  use  by  the  experienced  analysts  utilizing 
the  more  sophisticated  tools  of  NASTRAN. 
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SUMMARY  OF  APPLICATIONS 


A brief  sunmary  of  the  eppllcetlons  capabilities  of  NASTRAN  (end  contents  of  the  User's  Guide 
sections  which  follow)  Is  presented  next. 


* 

i 
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17.2.1  Static  Analysis 

Basic  procedures  for  finite  element  structural  analysis  using  NASTRAN  are  described  In  Section 
18.  Many  of  the  topics  are  fundamental,  so  they  also  apply  to  the  subsequent  sections.  The  sub- 
jects include  definition  of  elements,  constraints,  singularities,  and  non-linearities.  Interpre- 
tation of  the  output  is  also  described.  Key  data  cards  and  case  control  options  are  Included  In 
the  discussions.  Six  sample  problems  are  presented  along  with  card-by-card  descriptions  of  the 

input  data. 

17.2.2  Dynamic  Analysis 

Section  19  on  dynamics  examines  the  special  modeling  and  analysis  control  options  required 
for  solutions  in  the  time  or  frequency  domain.  Topics  include  identification  and  control  of  dlf- 
ferent  dynamics  analysis  options.  Input  options  for  mass  and  damping,  and  special  options  inclding 
use  of  transfer  functions  and  non-linearities.  Seven  example  problems  are  presented  to  illustrate 
some  of  the  many  modeling  and  solution  alternatives. 

17.2.3  Substructurinq  and  Modal  Synthesis 

The  automated  multi-stage  substructuring  system  in  NASTRAN(AMSS)  provides  an  efficient  ap- 
proach to  the  analysis  of  large-order  structural  models.  The  AMSS  capability  allows  a structure 
to  be  conceptually  subdivided  into  smaller,  more  manageable  substructures  which  are  initially 
modeled  and  checked  in  separate  NASTRAN  runs.  Substructures  are  then  assembled  to  construct  a 
system  mode.  Operations  for  reducimj  matrix  sizes,  combining  substructures.  Invoking  solution 
procedures,  and  recovering  and  editing  data  are  controlled  directly  by  the  user  with  simple 
linguistic  commands.  Solutions  are  obtained  using  existing  NASTRAN  Rigid  Formats.  This  capability 

Is  described  in  Section  20. 


17.2.4  Aeroelastic  Analysis 
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of  freedom  are  coupled  by  automated  spline  methods  which  may  be  used  for  axial  bodies,  fixed  sur- 
faces, and  moveable  surfaces.  The  options  for  aerodynamic  coupling  Include  strip  theory,  mach  box 
method,  piston  theory,  and  the  doublet  lattice  approach. 

Section  21  of  the  User's  Guide  contains  a description  of  NASTRAN  aeroelastic  analysis  capa- 
bility. A description  of  how  to  use  the  aeroelastic  capability  Is  presented  In  the  User's  Manual, 
Section  1.11. 

17.2.5  Heat  Transfer  Analysis 

NASTRAN  heat^ransfer  analysis  capability  may  be  used  to  determine  temperatures  and  fluxes, 
or  to  determine  temperature  Inputs  for  structural  problems.  Steady  state  and  transient  problems 
can  be  solved,  including  heat  conduction  (with  variable  conductivity  for  static  analysis),  film 
heat  transfer,  and  non-linear  (fourth  power  law)  radiation.  A useful  feature  of  NASTRAN  heat  trans- 
fer Is  that  the  same  model  can  be  used  for  both  the  heat  transfer  and  structural  response  analyses 
If  the  same  finite  elements  are  appropriate. 

Instructions  for  using  NASTRAN  heat  transfer  capability  are  presented  In  Section  22. 

17.2.6  Cyclic  Symmetry  Modeling 

Cyclic  symmetry  formulations  may  be  used  for  many  structures  such  as  pressure  vessles,  rotat- 
ing mechanisms,  and  antennas  for  space  communication.  Each  of  these  structures  consists  of  several, 
virtually  identical  segments  evenly  spaced  around  an  axis  of  symmetry.  The  advantage  to  the  cyclic 
symmetry  method  Is  that  only  one  of  the  Identical  segments  need  be  modeled.  A solution  Is  obtained 
from  a minimum  set  of  matrix  equations  which  are  on  the  order  of  only  one  segment.  Two  basic 
approaches,  rotational  and  dihedral  symmetry  are  provided  by  this  capability. 

NASTRAN  cyclic  symnetry  capabilities  are  fully  described  In  Section  23. 

17.2.7  Hydroelastic  Analysis 

The  NASTRAN  hydroelastic  modeling  option  provides  the  capability  for  analysis  of  coupled  axlsyie- 
metrlc  fluid  and  nonsymmetric  finite  element  systems.  Small  motion  analyses  yielding  normal  modes 
and  dynamic  responses  may  be  performed.  Fluid  compressibility  and  gravity  effects  may  be  Included. 
Basic  Input  cards  and  a typical  sample  problem  are  described  In  Section  24. 
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17«2»8  Acomtic  Cavity  Awilvsls 

Th#  acoustic  cavity  analysis  Is  designed  to  solve  for  resonant  nodes  In  slotted  solid  rocket 
engine  cavities.  The  concepts  of  cyclic  synnetry  and  axlsyawetrlc  elenents  are  conblned  to  obtain* 
efficiency  via  reduced  problen  site.  Required  Input  and  a sample  problem  are  presented  In  Section 
2S. 


1T*2.9  Fully  Stressed  Design 

The  capability  for  fully  stressed  design  provides  a method  In  static  analysis  for  optinixing 
structural  properties  for  minimum  size  and/or  uniform  stress  distributions.  An  Iteration  loop  Is 
provided  to  automatically  update  property  data  based  upon  Internal  stresses  caused  by  several  Inde- 
pendent load  esses.  Convergence  Is  achieved  when  all  stresses  or  structural  parameters  reach  their 
specified  limits  In  at  least  one  case.  Input  data  and  control  parameters  are  described  In  Section 
26.  This  section  also  Includes  a small  comprehensive,  example  problem. 


PLANNING  FOR  SPECIAL  APPLICATIONS 
17.3  PLANNING  FOR  SPECIAL  APPLICATIONS 

A complete  analysis  project  requires  more  effort  than  simply  defining  the  finite  element 
MOdiel.  prescribing  loads  and  constraints,  and  executing  NASTRAN.  A complete  plan  for  a large 
analysis  project  often  includes  pre-processing  steps  for  data  preparation,  a pilot  model  study, 
grid  point  resequencing,  and  an  extimation  of  the  execution  costs.  For  the  actual  NASTRAN  execu- 
tions, checkpoint/restart  steps  might  be  deliberately  scheduled  and  controlled  with  DMAP  commands. 
NASTRAN  post-processors  for  stress-scanning  and  external  plotting  may  be  used  to  edit  output  data 
for  ease  of  analyst  interpretation. 

Because  of  the  many  available  methods  for  solving  a oarticular  problem  with  NASTRAN,  the  user 
may  find  it  difficult  to  select  the  optimum  solution  path.  For  this  reason  the  user  should  famil- 
iarize himself  with  all  of  the  special  NASTRAN  options.  With  this  knowledge  he  may  define  an 
analysis  approach  meeting  his  own  particular  needs.  The  purpose  of  the  detail  descriptions  of 
special  NASTRAN  applications  presented  in  the  following  sections  is  to  familiarize  the  reader 
with  the  basic  capabilities  and  required  input  data. 

Sections  18  and  19,  Statics  and  Dynamics,  apply  to  nearly  every  NASTRAN  analysis.  Unique 
data  requirements  and  modeling  restrictions  for  the  special  NASTRAN  capabilities  are  presented 
In  Sections  20  through  26. 

Specific  requirements  for  data  card  formats  are  given 
theoretical  approaches  and  their  limitations  are  presented 


in  the  NASTRAN  User's  Manual.  The 
in  the  Theoretical  Manual. 
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18.  STATIC  ANALYSIS 


18.1  INTRODUCTION 

Th#  static  analysis  capability  In  NASTRAN  Is  desl9nad  to  solve  for  steady^state  structural 
responsa  to  point  loads,  pressures.  Inertial  loads,  thermal  loads,  or  enforced  displacements. 
Rigid  Format  1 addresses  constrained  structures  and  Rigid  Format  2 treats  frte-body  structures 
under  uniform  acceleration.  Nonlinear  static  solutions  using  differential  stiffness  require 
Rigid  Format  4,  buckling  is  analyzed  using  Rigid  Format  5.  and  plasticity  analysis  Is  processed 
with  Rigid  Format  6. 

The  purpose  of  this  section  Is  to  define  options  for  bislc  finite  element  modeling  and 
methods  for  obtaining  solutions.  Topics  are  organized  according  to  the  sequence  In  which  the 
typical  analyst  would  approach  the  problem.  Basic  methods  of  simulating  a structure  using  grid 
points  and  finite  elements  are  followed  by  procedures  for  defining  constraints  and  loading 
conditions.  Thus,  the  methods  used  in  NASTRAN  for  controlling  the  solution  and  selecting  output 
requests  are  suimarized.  Special  purpose  options  and  the  nonlinear  an.ilys1s  methods  are  briefly 
discussed,  followed  by  several  examples  of  static  analysis  input  data  decks. 
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18.2  DEFINING  THE  STRUCTURAL  MODEL 

The  idealized  structural  model  in  NASTRAN  uses  grid  points  (to  which  loads  are  applied  and  for 
which  degrees  of  freedom  are  defined)  and  elements  (which  are  connected  at  the  points)  as  shown  in 

Figure  1.  Three  general  types  of  grid  points  are  employed  in  static  analysis: 

1.  Geometric  Grid  Point  - A point  in  three-dimensional  space  at  which  three  components  of 
translation  and  three  components  of  rotation  are  defined.  The  motions  of  the  structure 
at  these  points  are  the  displacement  coordinates  which  represent  the  degrees  of  freedom 
for  which  a solution  is  obtained.  The  location  of  the  point,  the  direction  of  the 
applied  loads,  and  the  orientation  of  the  translations  and  rotations  may  be  defined  in 
terms  of  local  coordinate  systems.  The  user  defines  each  grid  point  on  a GRID  bulk 
data  card. 

2.  Scalar  Point  - A point  to  whicn  only  one  degree  of  freedom  is  associated.  These 

coordinates  may  represent  actual  displacements,  displacement  differences,  or  scalar 
quantities  such  as  fluid  pressure,  electric  current,  voltage,  or  any  other  quantity 
required  for  a particular  model.  Such  coordinates  may  be  connected  to  one  another  and 

to  grid  points  by  means  of  constraint  relationships  or  via  scalar  elements.  The  SPRINT 

bulk  data  card  is  used  to  explicitly  define  scalar  points. 

3.  Axisymmetric  Rings  - A point  on  the  cross  section  of  an  axisynmetric  structure, 
connected  with  axisynmetric  elements.  Displacement  coordinates  correspond  co  trans- 
lation and  rotation  coefficients  of  a Fourier  series  describing  deformation  of  the  ring. 
RINGAX  data  cards  define  these  points. 

The  structural  element,  be  it  a line,  surface,  or  solid  element,  is  a convenient  parameter- 
izing concept  for  specifying  many  properties  of  the  structure,  including  its  mechanical  properties, 
material  properties,  mass  distribution,  and  applied  loads.  In  static  analysis  by  the  displace- 
ment method,  stiffness  properties  are  derived  from  the  specified  structural  elements.  Mass 
properties,  used  in  the  generation  of  gravity  and  inertia  loads,  may  be  specified  either  as 
properties  of  structural  elements  or  as  properties  of  grid  points. 

From  a theoretical  viewpoint,  the  formulation  of  a static  structural  problem  for  solution 
by  the  displacement  method  is  completely  described  by  the  matrix  equation 

[k]{u)  • (P)  . 0) 
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In  static  analysis,  tha  stiffness  matrix  [K]  Is  calculated  for  all  degrees  of  freedom  using  the 
finite  elements.  It  Is  then  reduced  In  order  by  the  application  of  various  constraints  on  the 
solution  vector  (u).  In  a parallel  procedure,  the  load  vectors  (P)  are  generated  from  element 
and  grid  point  Imad  date  and  are  modified  also  via  the  same  constraint  relationships  used  for 
{u>.  After  the  solution  to  Equation  1 Is  obtained  for  the  displacemwts,  {u>,  a daU  recovery 
process  produces  requested  displacements,  forces,  and  stresses  for  each  specified  loading 
condition.  The  available  options  to  the  NASTRAN  user  for  defining  a finite  element  model  ana 
analysis  procedures  are  described  below. 

18.2.1  Finite  Elements 

NASTRAN  provides  a library  of  more  than  60  different  finite  element  formulations.  These 
range  from  simple  scalar  springs  which  connect*  single  degrees  of  freedom,  to  three*d1mens1onal 
solid  elements  connecting  up  to  32  grid  points.  Table  1 In  Section  9 of  this  User's  Guide  lists 
all  the  different  element  data  cards  by  name.  Theoretical  development  of  each  element  Is  given 
In  Section  5 of  the  Theoretical  Manual . A description  of  each  element  Is  presented  In  Section 
1.3  of  the  User's  Manual,  while  the  actual  data  card  formats  are  described  In  Section  2.4  of  the 
User’s  Manual.  NASTRAN  elements  are  defined  by  the  user  with  the  following  data  card  types: 

1.  A connection  card  to  define  the  grid  or  scalar  points  to  be  connected,  the  property 
number,  end  any  necessary  orientation  dat.  The  mnemonic  for  these  Bulk  Data  errds 
contains  the  prefix  C plus  the  element  name.  For  example,  the  CBAR  card  defines  the 
connections  for  the  BAR  element. 

2.  A property  card  to  define  the  geometric  data  not  Implicitly  given  by  the  connected  grid 
points  and  material  Identification  numbers.  Each  property  card  Is  given  a unique 
Identification  number  which  Is  referenced  by  any  number  of  appropriate  elements.  The 
prefix  P plus  the  element  name  Is  used  to  name  the  card,  I.e. , PBAR. 

3.  Material  data  cards  to  define  elastic  properties,  mass  density,  thermel  expansion  data, 

and  stress  limits.  The  MAT1,  which  1 • 1.  2 define  the  material  property  daU. 

Thermal  and  stress  dependencies  are  defined  by  filTTI  and  MATS1  data  cards.  Each 
material  Is  given  a unique  Identification  nunber  which  may  be  referenced  by  any  number 
of  property  cards. 
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As  In  most  general  purpose  programs,  certain  exceptions  exist  to  the  general  rules.  For 
instance,  some  elements  do  not  require  reference  to  an  associated  property  card  or  to  material 
data. 

The  selection  of  the  grid  point  locations  and  element  types  is  made  by  the  user  based  upon 
his  experience,  the  desired  accuracy  of  solution,  the  cost  of  execution,  and  the  engineering 
objectives  for  the  entire  analysis.  The  following  guidelines  are  useful  in  defining  the  element 
models: 

1.  Select  elements  most  suited  to  supporting  the  significant  internal  stresses.  For 
instance,  if  bending  stress  is  significant,  plate  elements  would  be  indicated  to 
support  the  out-of-plane  applied  loads. 

2.  The  number  of  elements  to  be  used  for  modeling  a section  of  the  structure  is  determined 
by  the  anticipated  displacement  and  strain  pattern.  Each  different  element  type  approxi- 
mates the  true  solution  strain  pattern  with  a particular  function  which  may  be  a constant 
cr  a polynomial.  The  deviation  between  the  actual  strains  and  the  approximated  element 
strains  determines  the  accuracy  of  solution. 

3.  Each  type  of  element  may  not  connect  to  all  six  degrees  of  freedom  at  a grid  point. 

Any  grid  point  displacement  components  which  are  not  somehow  "connected"  by  any  attached 
elements  must  be  constrained  or  they  will  cause  matrix  singularities. 

18.2.2  Constraints  and  Boundary  Conditions 

Constraints  are  used  in  NASTRAN  to  specify  known  values  and  relationships  for  selected  dis- 
placement coordinates.  These  constraints  a*’e  used  to  specify  fixed  boundary  conditions,  to 
eliminate  matrix  singularities,  to  define  rigid  elements,  and  to  support  free  body  motion. 

1.  Single-point  constraints  define  the  displacement  at  individual  displacement  degrees  of 
freedom.  The  data  cards  used  are  SPC,  SPCl , SPCADD,  SPCD,  and  the  seventh  field  on  the 
GRID  card.  The  constraints  on  the  GRID  card  are  permanent.  The  SPC,  SPCl,  and  SPCAOO 
data  are  selected  by  Case  Control  cards  and  may  be  changed  for  different  subcases.  The 
SPCD  data  defines  enforced  displacements  via  load  requests. 

2.  Multipoint  constraints  are  defined  by  user-supplied  coefficients  relating  two  or  more 
displacements.  This  option  is  applicable  to  many  modeling  situations  such  as  rigid 
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nates  Matni  -stricted  to  only  noncons trained  coordl- 

-o^m^ed  for  use  In  static  analyses 

- automated  subsL 

curing  capability  described  In  Section  20. 

Errors  in  constraint  lata  are  not  automaHr^n 
-.ta,  .en  detected,  are  t.ated  « fata,  errors.  ' """" 
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Grid  point  slnjulorlty  tosts  are  porfomod  to  detact  null  columns  In  the  stlffnmss  matrix 
resulting  from  deficient  constraints  or  element  connectivities.  A typical  message  contains: 

1.  The  suspect  grid  point 

2.  The  order  of  the  singularity 

3.  The  coablnatlons  of  grid  point  components  that  cause  the  singularity,  arranged  In 
order  of  severity. 

The  grid  point  singularity  testing  Is  limited  to  one  grid  point  at  a time  and  does  not  detect 
coupled  singularities,  such  as  a free  body.  The  numerical  tolerance  Is  conservative  and  may 
Issue  singularity  messages  for  components  having  small  relative  stiffnesses.  It  may  also  Ignore 
Implicit  constraints  on  the  displacement  components  associated  with  multipoint  constraints  or 
rigid  clamant  data. 

18.2.3  Loading  Constraints 

Static  loads  in  NASTRAN  fall  into  four  general  categories  — directly  applied  loads, 
enforced  element  strains.  Inertial  loads,  and  enforced  grid  point  displacements.  Each  category 
Is  suamarized  below: 

1.  Direct  load  options  Include  concentrated  forces  and  moments,  pressures,  and  scalar 
loads.  Data  card  names  are  FpRCE.  MfHENT.  PigAD.  SLpAO.  and  their  variations,  listed 
earlier  in  Table  1 of  Section  4.  The  load  data  on  each  card  must  belong  to  a load  set. 
Different  load  sets  may  be  combined  Into  one  set  with  a L0AD  Bulk  Data  card.  Only  those 
load  sets  called  out  In  the  Case  Control  Deck  are  applied  to  the  model  as  load  vectors 
In  the  solution  phase. 

2.  Enforced  element  strain  options  include  temperature  loads  and  enforced  element  deforma* 
tlons,  e.g.,  caused  by  misfits  in  structural  assembly.  Only  the  R0D,  TUBE,  and  BAR 
elements  allow  enforced  deformations  which  are  defined  on  the  DFPfRM  card. 

All  elements  may  be  subjected  to  thermal  expansion.  The  grid  point  forces  and  moments 
computed  to  prevent  expansion  are  applied  as  loads  on  the  model.  Teosserature  loads  are 
reguested  separately  from,  and  are  combined  with  the  other  applied  loads  called  out  In 
the  Case  Control  Deck. 

The  temperature  field  required  to  define  these  loadings  obey  the  following 
priorities: 
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«.  Tht  dtfauU  ttnptrtturt  for  tht  entirt  structure  Is  dofined  on  « TENRO  cord. 

b.  Grid  point  tomporoturts » defined  on  TEMP  cords,  override  the  defouU. 

c.  Element  teeperoture  fields  contolnlng  grodlents  override  the  grid  point  dote. 

Input  dote  cords  ore  TEMPR8.  TEMPH,  TEMPP2.  These  dote  moy  olso  be  used  to 
define  moterlel  coefficients  for  teeperoture-dependent  moterlols. 

3.  inertlol  looding  options  include  grovlty  end  centrlpetol  forces.  These  loods,  defined 
on  GRAY  end  RFfRCE  dote  cords,  ore  calculoted  directly  from  the  structurol  moss  motrix. 
These  dote  ore  requested  by  use  of  the  Cose  Control  LIAO  card. 

4.  Enforced  grid  point  displacements  were  discussed  previously  under  Constraint  Conditions 
In  this  section.  The  SPCD  cord  Is  a special  case  In  that  It  does  not  generate  con- 
straints and  must  be  requested  In  a load  set.  Any  component  displacements  defined  on 
an  SPCD  cord  must  be  defined  on  SPC  or  SPC1  constraint  data  cards. 
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18.3  STATIC  ANALYSIS  CONTROL  DATA 

The  NASTRAN  Executive  Control,  Case  ContDl,  and  parameter  Input  via  the  Bulk  Data  Deck 
provide  control  options  for  directing  the  basic  computations.  Complete  descriptions  of  these 
data  are  given  In  Sections  2.2,  2.3,  and  for  the  PARAM  Bulk  Data  card  In  Section  2.4  of  the 
User's  Manual.  Some  of  the  basic  controls  are  given  below. 

18.3.1  Executive  Control  Data 

An  Executive  Control  Deck  example  for  static  analysis  Is  given  below; 

Comments 

Identify  job 
Use  displacement  method 
Select  Rigid  Format  1 
Set  Internal  time  limit  (CPU  minutes) 

End  of  deck 


Card  Input 

ID  STATICS,  EXAMPLE 

APP  DISP 

S0L  1,0 

TIME  5 

CEND 


For  more  examples  and  other  options  on  the  above  cards,  see  Section  6 of  this  guide.  Other 
types  of  executive  control  cards  define  checkpoint/restart,  request  diagnostics,  and  provide 
DMAP  input  and  alters. 

18.3.2  Case  Control  Deck 

The  NASTRAN  Case  Control  Deck  is  used  to  define  loading  conditions,  to  select  constraints, 
to  control  printed  output,  and  to  request  plots.  A basic  Case  Control  Deck  example  for  stnic 
analysis  is  given  below: 
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Cird  Input 

TITLE  - ANY  CHARAaERS 
SPC  - 25 
01 SP  • ALL 
STRESS  - ALL 
SUBCASE  11 
LOAD  - S 

LABEL  - FIRST  CASE  LABEL 
SUBCASE  25 
L0AD  > 15 

LABEL  - SEC3ND  CASE  LABEL 
BEGIN  BULK 


CoBwents 

Provide  output  page  heading 

Select  single-point  constraint  set 

Request  output  - displacements 

Request  output  - element  stresses 

Denote  first  case 

Request  first  loading 

Provide  output  label 

Define  second  case 

Request  second  loading 

Provide  output  label 

End  of  deck 


Other  useful  examples  of  case  control  requests  are  given  in  Section  8 of  this  guide.  The  options 
are  surnnarized  in  Table  5. 

At  the  end  of  the  Case  Control  Deck,  the  Plot  Control  Deck  may  be  added  for  requesting  plots 
showing  the  deformed  and  undeformed  static  model.  The  descriptions  of  the  options  are  given  in 
the  User's  Manual,  Section  4.  A basic  example  of  a plot  request  for  the  undeformed  structure  is 
given  below; 


Cownents 

Re<iuired  delimiter 

Use  all  elements  for  set  to  be  plotted 
Find  scale  and  origin 
Plot  - first  set 

18.3.3  Control  Parameters 

Parametric  control  data  are  specified  on  PARAM  bulk  data  cards.  Tne  format  is: 


Card  Input 

fUTPUt  (PLBT) 
SET  1 ALL 
FIND 
PL0T 


PARAM 


NAME 


VALUE 


STATIC  ANALYSIS  CONTROL  DATA 

A coaplttt  list  of  porsmeter  options  for  all  Rigid  Fomats  Is  givtn  on  tht  bulk  data  card  dtscrip* 
tion  fbr  RARAM  In  tht  Ustr*s  Manual  • Sactlon  2.4,  and  fOr  tach  Rigid  Foraat  In  tht  Ustr's  NMiutl* 
Stctlon  3. 


18.3-3 


OTHER  STATIC  SOLUTIONS 


18.4  OTHER  STATIC  SOLUTIONS 

Th#  discussions  above  are  primarily  concerned  with  linear  static  analysis  of  user-defined 
structural  configurations.  Alternate  analytical  processes  are  available  for  special  structural 
configurations  and  responses.  These  are  sunmarlzed  below. 

18.4.1  Property  Optimization 

NASTRAN  Includes  a method  of  design  optimization  for  linear  static  analysis  (Rigid  Formit  1) 
based  on  automation  of  a relatively  simple  strategy  known  as  "fully  stressed  design."  According 
to  this  concept,  the  cross-sectional  properties  of  each  structural  element  are  changed  at  each 
design  Iteration  to  produce  a limit  stress  (zero  margin  of  safety)  somewhere  within  the  element, 
on  the  assumption  that  the  loads  carried  by  the  element  are  unaffected  by  changes  In  Its  cross- 
sectional  properties.  The  assumption  Is  strictly  true  only  for  statically  determinate  structures. 
In  Indeterminate  structures  of  low  redundancy,  the  assumption  is  not  much  In  error,  so  that  a few 
repetitions  of  the  algorithm  will  produce  a stress  distribution  throughout  the  structure  which  has 
very  nearly  a zero  margin  of  safety  in  every  element,  i.e.,  a "fully  stressed"  design.  In  struc- 
tures of  high  redundancy,  the  procedures  will  converge  more  slowly  (If  at  all),  and  modifications 
of  the  basic  strategy  may  be  required  to  achieve  convergence. 

The  physical  quantities  involved  in  the  design  algorithm  are:  properties,  stresses,  and 
stress  limits.  The  properties  may  Include  thicknesses,  cross-sectional  areas,  or  moments  of 
Inertia.  Most  NASTRAN  elements  have  several  Independent  properties.  They  also  have  several 
types  of  stresses  and  several  places  where  stresses  can  be  evaluated.  The  stress  limits  Include 
those  for  tension,  compression,  ano  shear. 

18.4.2  Cyclic  Syinnetry 

Many  structures.  Including  pressure  vessels,  rotating  machines,  and  antennas  for  space 
communications,  are  made  up  of  virtually  Identical  segments  that  are  synmetrlcally  arranged  with 
respect  to  an  axis.  There  are  two  types  of  cyclic  symmetry:  simple  rotational  synwetry.  In  which 
the  segments  do  not  have  planes  of  reflective  symmetry  and  the  boundaries  between  segments  may  be 
generally  doubly  curved  surfaces;  and  dihedral  symmetry,  In  which  each  segment  has  a plane  of 
reflective  symmetry  and  the  boundaries  between  segments  are  planar.  In  both  cases,  economic 
solutions  for  structural  response  are  obtained  by  analyzing  a subregion  containing  as  few  segments 
as  possible. 
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Principles  of  cyclic  sysmetry  cell  for  reducing  the  analysis  region  to  the  smallest  repeated 
section  of  the  structure.  Neither  accuracy  nor  generality  are  lost  In  the  process.  oKcept  tfiat 
the  treatment  Is  limited  to  linear  relationships  betMoen  degrees  of  freedom.  The  use  of  cyclic 
synmetry  allows  the  analyst  to  model  only  one  of  many  Identical  segments  resulting  In  a Targe 
saving  of  computer  time  for  most  applications.  Details  of  the  procedures  for  applying  cyclic 
synmetry  are  described  In  Section  23  of  this  guide  and  Section  1.12  of  the  User's  Manual.  Static 
analysis  with  cyclic  symmetry  Is  performed  using  Rigid  Format  14. 

IS.4.3  Nonlinear  Static  Solutions 

NASTRAN  provides  for  two  types  of  static  noni  Inearl  ties,  differential  stiffness  and  material 
plasticity.  The  geometric  stiffness  effects  treated  by  Rigid  Formats  4 and  5 provide  the  user 
with  a second  order  approximation  to  the  nonlinear  effects  of  large  deflections. 

Rigid  Format  4 computes  the  differential  stiffness  matrix  by  an  Iterative  technique  and  treats 
the  new  matrix  as  a load  correction.  The  Internal  loads  are  thus  not  linearly  related  to  the 
applied  load.  The  Iterations  are  terminated  when  the  user's  criteria  are  met  to  obtain  a solution. 

In  Rigid  Format  5,  the  applied  loads  are  assumed  to  move  with  their  points  of  application  and 
they  remain  fixed  In  magnitude  and  direction.  The  "differential  stiffness"  matrix  Is  coaputed 
from  the  Internal  element  loads  resulting  from  the  static  solution  or  from  the  previous  Iteration. 
Rigid  Format  5 combines  the  "differential  stiffness"  matrix  with  the  original  stiffness  matrix  to 
solve  an  eigenvalue  problem  and  obtain  the  critical  load  factor  that  would  produce  budkllng.  This 
critical  load  factor,  or  the  eigenvalue,  multiplied  by  the  preload  vector,  gives  the  critical 
loading  at  which  the  structure  would  become  unstable  or  buckle.  The  eigenvector  obtained  Is  the 
mode  shape  In  which  the  structure  would  buckle. 

Rigid  Format  6.  on  the  other  hand.  Is  used  for  applications  Involving  nonlinear  materials. 
That  Is,  the  material  properties  are  assumed  to  be  stress  dependent.  The  loading  Is  applied  In 
"piecewise  linear"  Increments.  After  each  Increment,  a new  stiffness  matrix  Is  generated  based  on 
the  current  state  of  stress  In  each  element.  This  new  niatrix  Is  used  to  solve  for  a corresponding 
Increment  of  displacement  and  stress.  These  Increments  are  accumulated  to  produce  the  final  non- 
linear results.  Since  each  Increment  In  load  requires  a new  solution,  the  user  Is  faced  with  a 
compromise  between  accuracy,  which  requires  smell  Increments,  and  efficiency,  which  suggests  using 
the  largest  possible  increments.  All  static  load  options  are  allowed  except  for  those  due  to 
tempereture  and  enforced  element  displacements. 
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I 18.5  STATIC  ANALYSIS  EXAMPLES  . 


This  section  illustrates  the  NASTRAN  input  data  for  simple  static  analysis.  The  application 
examples  are  extracted  from  input  data  used  for  problems  discussed  in  the  NASTRAN  Demonstration 
Problem  Manual.  The  user  should  I'efer  to  this  manual  for  additional  detail  concerning  the  model 
and  a discussion  of  the  results.  The  specialized  applications  and  the  examples  of  how  to  use  the 
OMAP  commands,  however,  are  not  presented  in  the  Demonstration  Problem  Manual. 


18.5.1  Rigid  Format  1 - Shell  with  Synmetry  Boundary  Conditions 


This  problem  demonstrates  the  finite  element  approach  to  the  modeling  of  a uniform  spherical 
shell.  A spherical  coordinate  system  is  chosen  to  describe  the  location  and  displacement  degrees 
of  freedom  at  the  grid  points.  Triangular  plate  elements  are  used  to  provide  a nearly  uniform 
pattern.  Two  symmetric  boundaries  are  used  to  analyze  the  structure  with  a symmetric  pressure 
load.  Further  modeling  detail  is  given  in  the  Demonstration  Problem  Manual,  Section  1.2.  The  | 

model  and  its  loads  are  pictured  below.  | 


The  analysis  is  carried  out  in  two  parts.  First,  the  solution  is  obtained  with  roller  supports 
which  produce  primarily  a membrane  behavior.  The  second  solution  is  a restart  which  solves  the  same 
problem  but  with  a clamped  edge  support  which  induces  bending  moments  at  the  boundary. 


18.5.1.1  Input  Cards  - Undamped  Boundary  and  Symmetry  Plots 


Card 

No. 


0 

1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 
19 


NASTRAN  FILES  * (NPTP,PLT2)  ^ 

ID  DEMI 02,  NASTRAN 
DIAG  14 

CHKPNT  YES  i 

TIME  5 i 

APP  DISPLACEMENT 
SDL  1,1 
CEND 

TITLE  - SPHERICAL  SHFLL  WITH  PRESSURE  LDADIN6,  N0  MOMENTS  0N  B0UNDARY 
SUBTITLE  - NASTRAN  DEMDNSTRATI(»N  PROBLEM  N0.  1-2-1 
L0AD  > 1 
SPC  » 2 
DUTPUT 
DISP  - ALL 
SPCF  « ALL 
STRESS  - ALL 

PL0T  ID  > NASTRAN  DEM0NSTRATI0N  PROBLEM  N0.  1-2-1 
0UTPUT  (PL0T) 

PL0TTER  SC 

WIXIMUM  DEF0RMATI0N  6.C 


i 
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20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 


SET  1 INCLUDE  ELEMENTS  TRIA2 
$ PL0TEL  - EDGES  AND  CENTERLINE 
SET  2 INCLUDE,  PL?TEL 
FIND  SCALE  ORIGIN  1 
PTITLE  UNDEF^RMED  STRUCTURE 
PL9T  LABELS  SYMBOLS  6 
PTITLE  DEFORMED  STRUCTURE 

PL^'  STATIC  DEF^RMATIdN  0,1,  SET  1,  ORIGIN  1,  SHAPE,  LABELS 
PERSPECTIVE  PRWECTIBN 

FIND  SCALE.  0RIGIN  1000,  SET  1,  VANT  P0INT,  REGI0N  0.3,  0.35,  0.1,  0.9,  0.8 
PL0T  SET  2,  0RI6IN  1000.  LABELS  . . . v.o 

PL0T  SET  1,  0RIGIN  1000.  SYMB0LS  9,  SHAPE, 

SET  1,  0RIGIN  1000  SYMB0LS  9 SHAPE  SYMMETRY  X, 

SET  1,  0RIGIN  1000  SYMB0LS  9 SHAPE  SYWETRY  Y, 

SET  1,  0RIGIN  1000  SYMB0LS  9 SHAPE  SYMMETRY  XY 

PL0T  STATIC  DEF0RMATI0N  0,1, 

SET  2,  0RIGIN  1000,  SHAPE, 

SET  2,  ORIGIN  1000,  SHAPE,  SYMMETRY  X, 

SET  2,  0RIGIN  1000,  SHAPE,  SYMMETRY  Y, 

SET  2,  ORIGIN  1000,  SHAPE,  SYMMETRY  XY. 

BEGIN  BULK 


12  3 4 5 6 7 8 9 10 


41 

C0RD2S 

2 

.0 

.0 

.0 

.0 

.8 

,1 

+C«IR1 

42 

+C0R1 

1. 

0.0 

0.0 

43 

CTRIA2 

1 

31 

1 

6 

26 

.0 

44 

CTRIA2 

34 

31 

24 

25 

23 

.0 

45 

GRDSET 

2 

46 

GRID 

1 

90. 

7. 

.0 

47 

GRID 

26 

0 

.0 

.0 

90.0 

0 

48 

MATl 

1 

3. +6 

.1666 

49 

PL0AD2 

1 

-1.0 

1 

2 

3 

4 

5 

6 

50 

PL0AD2 

1 

-1.0 

31 

32 

33 

34 

51 

PLOTEL 

50 

26 

1 

51 

1 

2 

52 

PL0TEL 

68 

13 

17 

69 

17 

20 

53 

PTRIA2 

31 

1 

3. 

54 

SPC 

1 

26 

12456 

0.0 

55 

SPCl 

1 

346 

1 

2 

3 

4 

11 

16 

+SPC1-2 

56 

+SPC1-2 

20 

23 

57 

SPCl 

1 

123456 

5 

10 

15 

19 

22 

24 

-►SPCl-1 

58 

+SPC1-1 

25 

59 

SPCl 

2 

2 

10 

15 

19 

122 

24 

60 

SPCl 

2 

345 

1 

2 

3 

4 

11 

16 

+SPC2-1 

61 

+SPC2-1 

20 

23 

62 

SPCl 

2 

2345 

5 

25 

63 

SPCl 

2 

12456 

26 

64 

ENDDATA 
i 

L 

1 

18.5.1.2  Notes  on  Data  Cards 


0.  Requests  NPTP  and  PLT2  be  disk  files  ratherthan  tape. 

1.  NASTRAN  run  identifier. 

2.  Requests  Rigid  Format  printout. 

3.  Checkpoint  is  requested  for  restart  with  clamped  boundary  conditions. 
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4.  Limits  Execution  time  to  five  minutes.  Local  Installation  Job  card  should  provide  a 
maximum  time  of  more  than  five  minutes  to  allow  NASTRAN  to  exit  normally  and  punch  the 
checkpoint  dictionary. 

5.  The  displacement  approach  Is  selected. 

6.  Rigid  Format  1 Is  to  be  executed  without  looping,  which  allows  NASTRAN  to  purge  files 
when  they  are  no  longer  required. 

7.  End  of  NASTRAN  Executive  Control  Deck. 

10.  Load  condition  1 1$  the  only  loading.  Note,  since  this  Implies  only  one  subcase,  no 
subcase  delimiter  Is  required. 

11.  Selects  single-point  constraint  set  2 from  Bulk  Data  for  symmetry  boundary  conditions 
and  undamped  supports. 

12-15.  Specifies  output  for  all  grid  point  displacements,  support  reactions  and  element  stresses. 

16-18.  Identifies  plot  header  frame  label  and  Stromberg-Carlson  plotter. 

19.  Specifies  the  maximum  displacement  to  be  plotted  to  a scale  of  6 Inches  relative  to  the 
90-inch  radius  of  the  sphere. 

20-23.  Specifies  element  sets,  scaling  factors,  and  origin  for  plotting. 

24.  Specifies  plot  title  to  appear  on  every  plot  frame  generated. 

25.  Plot  first  set  of  elements  (set  1),  undeformed  and  orthographic  projection. 

27.  Plot  elements  of  set  1,  deformed  shape. 

28-29.  Calls  for  perspective  plots  and  definition  of  plot  parameters. 

30.  Perspective  plot  with  PL0TEL  only,  undeformed. 

31-34.  Perspective  plot  of  all  triangular  plate  elements  fully  developed  for  symietry,  undeformed 

(UM  4. 2. 2. 3). 

35-39.  Perspective  plot  of  all  PLPTEL  fully  developed  for  symnetry,  deformed. 

41-42.  Defines  orientation  of  spherical  coordinate  system. 

43-44.  Triangular  element  connectivities. 

45.  Sets  default  value  2 for  the  spherical  coordinate  system  for  output  displacements  at  all 
grid  points. 

46-47.  Grid  point  data  In  spherical  coordinate  system. 

48.  Material  properties  data. 

49-50.  Pressure  load  data. 

51-52.  Fictitious  line  elements  for  plot  purposes. 

53.  Triangular  element  properties. 

54-58.  Single-point  constraint  set  1 including  both  clamped  edge  supports  and  symmetry  boundary 
conditions.  (Not  selected  In  this  run.) 

59-63.  Single-point  constraint  set  2 Including  undamped  edge  supports  and  synuKtry  boundary 
conditions. 

64.  Signals  the  end  of  Bulk  Data. 
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Special  note:  The  degrees  of  freedoei  constrained  by  the  single-point  constraint  cards  54-63 
are  relative  to  a spherical  coordinate  system  and  not  In  the  Basic  X.  Y,  Z System. 

IC.5.1.3  Input  Cards  - Restart  with  Clamped  Boundary 


NASTRAN  files  - JPTP 
ID  0EM102A,  RESTART 
TIME  5 

APP  DISPLACEMENT 
S«L  1,1 

RESTART  0EM102,  NASTRAN.C2/04/76,36000, 

1. XVPS  , FLAGS  - 0.  REa  - 1,  FILE  • 54 

2,  REENTER  AT  OMAP  SEQUENCE  NUMBER  7 


98.  REENTER  AT  OMAP  SEQUENCE  NUMBER  116 
99  06  . aAGS  » 0,  REEL  ■ 1,  FILE  • 54 

too’,  XVPS  , FLAGS  « 0,  REEL  “ 1,  FILE  “ 55 

$ END  BF  CHECKPBINT  DICTIONARY 
CEND 

TITLE  - SPHERICAL  SHELL  RESTART  WITH  CLAMPED  BBUNOARY 
WiTLE  « NASTRAN  DEMONSTRATION  PROBLEM  NO-  1-2A 
ECHO  - BOTH 

load  - 1 

SPC  - 1 
OUTPUT 

DISPLACEMENT  - ALL 
SPCFORCE  - ALL 
ELFORCE  - ALL 
STRESSES  - ALL 
BEGIN  BULK 
ENDOATA 


18.5.1.4  Notes  on  Data  Cards  for  Restart 

5-108.  Restart  dictionary  from  previous  run  with  undamped  boundary  conditions. 

112  Requests  printout  of  both  the  current  Bulk  Data  ^k  as 

cSli!  ENDOATA)  and  the  sorted  printout  of  the  full  Bulk  Data  Deck  kept  from  the 
previous  checkpoint  as  aiodlfled  by  the  current  Input. 

113.  Specifies  the  one  pressure  load  condition. 

114.  Selects  single-point  constraint  set  1 from  Bulk  Data  for  symaetry  boundary  conditions 
and  clamped  supports. 
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SypRietrlc 


Sywnetrlc 


uniform  Pressure 
Loed  1 1b/1n.^ 


Clanped  Supoort 
(Problem  1-2-lA) 
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18.5.2  Rigid  Format  1 - Nonsyiimetric  Bending  of  a Cylinder 

This  problem  Illustrates  the  application  of  the  conical  shell  element  and  Its  related  special 
data.  This  element  uses  the  Fourier  components  of  displacement  around  an  axlsynnetrlc  structure  as 
the  solution  coordinates.  The  geometry  of  the  structure  Is  defined  by  rings  Instead  of  grid  points. 
Its  constraints  must  be  defined  by  the  particular  Fourier  harmonics,  and  the  loads  must  be  defined 
either  with  special  data  or  In  a harmonic  form.  This  element  Is  used  only  for  statics  and  Inertia 
relief  analysis  and  may  not  be  used  in  conjunction  with  any  of  the  other  structural  elements. 

The  structure  to  be  solved  Is  a short,  wide  cylinder  with  a moderate  thickness  ratio.  The 
applied  laods  and  the  output  stresses  are  pure  uncoupled  harmonics.  The  basic  purpose  of  this 
problem  Is  to  check  the  harmonic  deflections,  element  stresses,  and  forces.  Further  modeling  and 
loading  detail  Is  given  In  the  Demonstration  Problem  Manual,  Section  1.5.  The  model  and  Its  applied 
edge  moment  loading  Is  pictured  below. 


i 


STATIC  ANALYSIS  EXAMPLES 
18.5.2.1  Input  Cards  - Axisyrmetric  Model 


Card 

Mo. 

1 ID  DEMI 05,  NASTRAN 

2 DIAG  8 

3 TIME  24 

4 APP  DISP 

5 S0L  1,1 

6 CEND 

7 TITLE  = N0NSYW-!ETRIC  BENDING  0F  A CYLINDER  0F  REV0LUTI0N 

8 SUBTITLE  « NASTRAN  DEM0N$TRA^*I0N  PR0BLEM  N0.  1-5-1 

9 L0AD  « 15 

10  AXISYM  » COSINE 

1 1 0UTPUT 

1?  SET  1 * 5,  10,  15,  20,  25,  30,  35,  40.  45,  50,  100,  200 

13  SET  2=1,6,  11,  16,  21,  26,  31,  36.  41,  46,  50 

14  DISP  = ; 

15  F0RCE  = 2 

16  HARM0NICS  = ALL 

17  BEGIN  BULK 


1 

2 

3 

4 

5 

0 

7 

8 

9 

10 

18 

AXlC 

20 

19 

CC0NEAX 

1 

15 

100 

1 

20 

CCONEAX 

50 

15 

49 

50 

21 

MATl 

15 

91.0 

.3 

.5 

22 

M0MAX 

15 

50 

0 

157.0796 

2.0 

23 

M0MAX 

15 

100 

20 

157.0796 

-1.0 

24 

PC0NEAX 

15 

15 

1.0 

15 

.0833333 

15 

1.0 

.5 

+PC 

25 

+PC 

0.0 

0.5 

0. 

90. 

180. 

26 

P0 INTAX 

200 

100 

27 

RINGAX 

1 

50.0 

1,0 

4 

28 

RINGAX 

100 

50.0 

.0 

1234 

29 

ENDOATA 

18.5.2.2  Notes  on  Data  Cards 

10.  Constrains  the  motions  to  be  symmetric  with  respect  to  the  X-Y  plane. 

14.  Selects  displacement  output  for  rings  specified  in  set  1,  each  harmonic  will  be  output 
separately. 

15.  Selects  element  forces  for  all  conical  shell  elements  in  set  2. 

16.  Output  is  to  be  printed  for  all  harmonics  of  the  applied  load. 

18.  Required  to  define  existence  of  an  axisynmetric  conical  shell  problem  and  specifies  20 
harmonics  to  be  used. 

19-20.  Conical  shell  element  connectivities. 

21.  Specifies  material  properties, 

22-23.  Specifies  edge  moment  loading  for  each  harmonic. 
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24>25.  Conicti  shtll  proptrtits. 

26.  Otfints  th#  ID  and  location  of  a point  on  a RINGAX  at  which  tha  noaiant  can  ba  appllad. 
27-29.  Spaciflas  location  of  axlsyawatrlc  rings. 

Spaclal  nota:  Point  200  In  sat  1 rafarancas  tha  PfINTAX  location  and  obtains  tha  sun  of  all 
displacanant  hamonics.  This  sana  PfINTAX  could  ba  usad  to  Input  a concantratad  noannt  at  point 
200  and  NASTRAN  would  avaluata  tha  appropriate  harmonic  coefficients. 


t 
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18.5.3  Rigid  Format  2 - Free  Body  Ring 

This  problem  Illustrates  the  use  of  Inertia  relief  analysis  to  solve  a free-body  problem. 

In  Inertia  relief,  the  structure  Is  under  constant  acceleration  due  to  the  applied  loads;  the 
reactions  to  the  applied  load  are  due  to  the  masses  of  the  structure.  Ficticious,  nonredundant 
support  points  must  be  provided  to  define  a reference  system  attached  to  the  body.  The  displace- 
ments of  the  body  are  measured  relative  to  the  supported  coordinates. 

The  basic  problem  Is  Illustrated  below.  The  structure  consists  of  a spinning  ring  with  a 
constant  radial  load  applied  to  one  point.  The  rotational  velocity  creates  centrifugal  loads  and 
the  point  load  causes  Inertial  reactions.  The  actual  dynamic  motion  of  the  whole  structure  Is  a 
cyclic  motion  of  the  center  point  coinciding  with  the  rotation  of  the  ring.  The  displacements 
measured  by  the  Inertia  relief  analysis,  however,  will  be  the  static  motion  relative  to  the 
support  point  displacements.  The  displacements  are  defined  in  a cylindrical  coordinate  Sjl^tem 
(u  « u . u,  ■ u , u,  » u ).  See  the  Demonstration  Problan  Manual,  Section  2.1  for  further 
modeling  details  and  a discussion  of  the  theoretical  solution. 


Fictitious  Supports 


L 18.5-9 


STATIC  ANALYSIS 


18.5.3.1  Input  Cards  - Inertial  Relief 


Card 

No. 


3 

4 

5 
€ 


8 

Q 

10 

11 

10 

13 

14 

15 
10 
i: 
1^ 


ID  0CM20U  NASTRAN 
DIAG  8,14,21 
TIME  5 

APP  DISPLACEMENT 

S0L  2,1 

CENO 

LARH^  ~ A CIRCULAR  RING 

Sad-  3 * demonstration  problem  S.  2-i-i 

0UTPUT 
DISP  = AL. 

(IL0AD  » ALL 
SPCF0RCE  » AU 
STRESSES  - ALL 

ELF0RCE  -'l^' 

PEG  IN  FUJI  K 


Hi 

20 

21 


04 

>f 

00 
. / 
08 

-H 

'■] 

10 

3- 

35 

3( 

3 


1 

3AR0R 
C8AR 
-Bl 
CBAR 
. H104 
!C0ROOC 
n:0RD 
F0RCE 
GRDSET 

grid 

GRID 

L0AD 

MAT) 

^MATI 

r’ARAM 

PRAR 

♦ PS 

RF0RCL 

SilP0RT 

LNODAM 

i . 


0. 

] 

1 

05 

3 

1 

100 

GROp/vr 

s 

1.0 


0 

O.o 

13 

1 


1.0 

1000.0 

200. 

N 

1 

1.0 


5 

6 

7 

8 

9 

10 

1 

•y 

1.0 

Jo.o 

0 0 

1 

-1.0 

24 

0.0 

1 

0.0 

10.0 

0.0 

-1.0 

0.0 

1 

0.0 

^R1 

-1.0 

0.0 

0.0 

0.0 

0.0 

-1.0 

0.0 

0.0 

10.0 

o o 

r-  O 

+B?4 

♦CURD 

■? 

100.0 

1.0 

.0 

.0 

11  .0 

0.0 

0.0 

2 

345 

0.0 
1 .0 

0.0 

1 

0.0 

1,0 

2 

1 :.’3456 

400.0 

.300. 

.5 

+MAT1 

1000.0 

10. 

10. 

♦P5 

-1.0 

-1.0 

.15*1155 

0.0 

0.0 

1 .0 

1 

1 

13 

c 



- 

- ■ • 

... ..  . 
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19.  Specifies  beam  properties  and  orientation  default.  The  orientation  is  defined  in  terms 
of  the  displacement  coordinate  system  of  the  BAR  origin  grid  points,  which  in  this  case 
are  cylindrical  systems. 

20-23.  BAR  element  connectivities  and  offset  vectors. 

24-25.  Defi:»ition  of  cylindrical  coordinate  system. 

26.  Specifies  a force  applied  at  grid  point  13  in  coordinate  system  and  single-point 
constraints. 

28-29.  Grid  point  definition. 

30.  Static  load  con^bination  of  load  sets  1 and  2. 

33.  Sets  a parameter  to  generate  weight  and  balance  information  referenced  to  grid  point  19. 

34-35.  BAR  element  properties. 

36.  Defines  a centrifugal  force  field  for  load  set  2. 

37.  Specifies  fictitious  supports  for  determinate  reactions  to  be  applied  to  constrain  the 
free  body  motion. 


ORIGINAL  PAGE  IS 
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18.5.4  Rigid  Foma-fc  5 - Svwnetric  Buckling  of  a Cylinder 


IMS  problK.;  aenotistrates  the  use  of  buckltns  anatisis  to  extract  the  critical  loads  and  the 
eesultin,  displace^ts  of  a cylinder  suhdected  to  axial  loadin,  cpnditioM.  The  hyalin, 

Pi, id  Fonxat  sol.es  the  statics  prohle.  to  <*tain  the  internal  loads  in  the  el-«n  s . 
loads  define  the  differential  stiffness  «trix  tx"]  -hich  is  proportional  to  the  appli»i  oa  . 
load  factors,  A,.  »hich  cause  huckltn,  are  defined  by  the  eouation: 

.n.P0  is  the  linear  stiffr«ss  «trix.  This  eouation  is  solved  by  the  real  ei,en.alue  .alue 

™,thods  for  posit X,.  X,  is  the  nultiplyin,  factor,  -hich  -«n  applies  to  the  pre- 

,„d  w,„  produce  buck, in,.  Horn  than  one  node  of  bucklin,  can  be  extracted  if  so  desired. 

The  probiee.  (illustrated  belo.)  consists  of  a short.  ,ar,e-radiu.  cylinder  under  a purely 
axia,  cpression  load.  X section  of  arc  b de,rees  is  used  t,  .ode,  the  axisy».tric  -tions  o 
the  .hole  Cinder.  See  the  «onstration  Probl»  Manual.  Section  S.l  for  the  theoretical  solution. 


'Section  of  Structure 
Used  In  Hodel 
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Grid  Point  ID 
Elcncnt  ID 
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18.5.4.1  Input  Cards  - With  Structural  Plotting 


Card 

No. 

0 NASTRAN  FILES  - PLT2 

1 ID  DEM501 , NASTRAN 

2 DIAG  14 

3 APP  DISPLACEMENT 

4 S0L  5.1 

5 TIME  16 

6 CEND 

7 TITLE  = SYMMETRIC  BUCKLING  OF  A CYLINDER 

8 SUBTITLE  = NASTRAN  DEMJINSTRATIdN  PROBLEM  N0.  5-1-1 

9 SPC  = 1 

10  LOAD  = 100 

11  0UTPUT 

12  SET  1 = 1 THRU  33 

13  SET  2 = 2,  6,  10,  14,  18,  22,  26,  30,  34,  38,  42,  46,  50,  54,  58,  62, 

14  66.  70,  74.  78 

15  DISPLACEMENTS  = 1 

16  SPCF0RCE  = ALL 

17  ELFjBRCE  = 2 

18  ELSTRESS  = 2 

19  SUBCASE  1 

20  LABEL  = STATICS  S0LUTI0N 

21  OUTPUT 

22  OLOAD  = ALL 

24  LABEL  = BUCKLING  SOLUTION 

25  METHOD  = 300 

26  $ 

27  PLOTID  = NASTRAN  DEMONSTRATION  PROBLEM  NO-  5-1-1 

28  OUTPUT  (PLOT) 

29  PLOTTER  SC 

30  SET  1 INCLUDE  TRIAl 

31  $ 

32  PERSPECTIVE  PROJECTION 

33  AXES  Y.  X,  MZ 

34  FIND  SCALE,  ORIGIN  1,  VINTAGE  POINT 

35  PLOT  LABELS.  SYMBOLS  6.5 

36  $ 

37  ORTHOGRAPHIC  PROJECTION 

38  MAXIMUM  DEFORMATION  3.0 

39  FIND  SCALE,  ORIGIN  2 

40  PLOT  STATIC  DEFORMATION  0,1,  ORIGIN  2,  LABELS,  SHAPE 

41  PLOT  MODAL  DEFORMATION  2,  RANGE  0.5,  3.0, 

42  ORIGIN  2,  VECTOR  R.  SYMBOLS  5.6 

43  VIEW  0.0,  0.0,  0.0 

44  FIND  SCALE,  3RIGIN  1 

45  PLOT  MODAL  OEFOLMATION  0.2,  RANGE  0.0,  200.0,  ORIGIN  1,  SHAPE 

46  BEGIN  BULK 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

47 

C0RO2C 

100 

0 

25.0 

.0 

50.0 

.0 

80.0 

^COROIOO 

48 

♦CORD 100 

25.0 

0.0 

0.0 

49 

CTRIAl 

1 

200 

1 

2 

.0 

50 

CTRlAl 

80 

200 

33 

30 

.0 

51 

EIGB 

300 

D£T 

.10 

2 5 

4 

0 

1.5E-05 

♦EIGB 300 

52 

>EIG6300 

MAX 

IH 
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F0RCE 

F0RCE 

GAOSET 

GRID 

GRID 

L0AD 

mTi 

PARAM 

PTRIAl 

♦PTRIAI* 

SEQGP 

SEQGP 

SPC 

SPC1 

SPCADD 

ENDDATA 


+PTRIA1’ 


18.5.4.2  Notes  on  Data  Cards 


Selects  Rigid  Format  5 for  buckling  analysis. 

Selects  single-point  constraint  and  preload  sets  from  bulk  data.  Required  to  be  specified 
above  the  subcase  level. 

Subcase  delimiter  for  linear  static  analysis  of  preload  condition. 

Subcase  delimiter  for  buckling  analysis. 

Selects  method  for  real  eigenvalue  extraction  from  bulk  data.  Output  will  be  that  selected 
above  the  subcase  level. 

Specifies  labeling  information  to  identify  plots. 

Selects  structural  plotter  package  and  Stromberg  Carleson  plotter. 

Defines  set  of  all  triangular  elements  (TRIAl)  to  be  plotted. 

Calls  for  perspective  projection. 

Defines  orientation  of  model  relative  to  view  axes. 

Sets  plotting  parameters. 

Plots  undeformed  model  with  element  set  1. 

Calls  for  orthographic  projection. 

S^cifies  the  maximum  displacement  to  be  plotted  to  a scale  of  3 units  relative  to  the 
80-unit  radius  of  the  cylinder  model. 

Sets  plotting  parameters. 

Calls  for  a deformed  structural  plot  of  the  static  preload  deformations.  Subcase  1. 

Calls  for  plotting  of  all  buckling  mode  shapes  within  the  eigenvalue  range  of  0.5  to  3.0 
without  showing  the  undeformed  model. 

Defines  the  view  angle  and  defines  plotting  parameters. 
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45.  Calls  for  plotting  of  all  buckling  nodo  shapes  within  the  range  of  0.0  to  100.0  super- 
Imposed  on  a plot  of  the  undeformed  model. 

47>48.  Defines  a cylindrical  coordinate  system. 

49-50.  Specifies  the  triangular  clement  connectivities. 

51-52.  Provides  the  parameters  for  the  determinant  method  of  real  eigenvalue  extraction. 
53-54.  Defines  the  fotxes  to  be  applied. 

55-57.  Defines  grid  point  locations  and  default  single-point  constraints. 

58.  Scales  the  applied  load  set  1. 

60.  Calls  for  printing  of  residual  vectors  after  static  solution. 

61-62.  Triangular  element  properties. 

63-64.  Grid  point  sequencing  to  Improve  banding  of  the  stiffness  and  differential  stiffness 
matrices. 

65-66.  Single-point  constraint  set  definitions. 

67.  Union  of  single-point  constraint  sets. 
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18.5.5  Rigid  Format  6 - Piecewise  Linear  Analysis  with  Rod  Elements 

This  problem,  as  sho«ifn  below.  Illustrates  elastic-plastic  deformation  of  a three-panel  truss 
subjected  to  concentrated  grid  point  loads.  Piecewise  linear  analysis  Involves  loading  the  truss 
In  Increments  and  recalculating  the  material  properties  for  each  element  as  a function  of  the 
element  stresses  for  the  last  load  Increment.  The  new  stiffness  matrix  Is  used  to  solve  for  the 
change  in  the  deflection  caused  by  a new  Increment  in  load.  The  sum  of  all  these  Increments 
represents  the  final  solution  v'TM  3.8).  This  problem,  though  a “standard"  verification  problem. 
Is  not  described  in  the  Demonstration  Problem  Manual. 


18.5.5.1  Input  Cards  - Stress-Dependent  Materials 


Card 

No. 

1 ID  N9NLIN,  TRUSS 

2 DIAG  8 

3 APP  DISPLACEMENT 

4 S0L  6,0 

5 TIME  5 

6 CEND 
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7 TITLE  = PIECEWISE  LINEAR  ANALYSIS  0F  A THREE-PANEL  TRoSS 

8 LABEL  » NASTRAN  VERIFICATION  PROBLEH 

9 SPC  » 1 

10  LOAD  = 1 

11  PLCOEFFICIENT  » 4 

12  OUTPUT 

13  SET  1 - 1,  2,  3,  4,  5,  6,  THRU  10 

14  DISPLACEMENT  « 1 

15  SPCFORCE  - ALL 

16  ELFORCE  * 1 

17  ELSTRESS  » ALL 

18  OLOAO  » 1 

19  $ 

20  PLOT ID  = NASTRAN  VERIFICATION  PROBLEM 

21  OUTPUr{PL0T) 

22  PLOTTER  SC 

23  CAMERA  3 

24  VIEW  0.0,  0.0,  0.0 

25  AXES  Z,  X,  Y 

26  MAXIMUM  DEFORMATION  60.0 

27  SET  1 INCLUDE  ROD 

23  FIND  SCALE.  ORIGIN  1 . SET  1 

29  PTITLE  = THREE  PANEL  TRUSS 

30  PLOT  LABELS 

31  PTITLE  = DEFORMED  SHAPE  OVER  UNDEFORMED  SHAPE,  EACH  LOAD 

32  PLOT  STATIC  DEFORMATION  0,1  THRU  3,  MAXIMUM  DEFORMATION  1.3,  SHAPE,  LABELS 

33  BEGIN  BULK 
BEGIN  BULK 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

34 

CRjDO 

1 

1 

1 

2 

35 

CR9D 

2 

2 

1 

3 

36 

CR0D 

3 

3 

2 

3 

37 

CR0D 

4 

1 

2 

4 

38 

CROD 

5 

4 

3 

4 

39 

CR0D 

6 

3 

3 

5 

40 

CR0D 

7 

3 

4 

5 

41 

CR0D 

8 

2 

5 

6 

42 

CR0D 

9 

1 

4 

6 

43 

F0RCE 

1 

2 

0 

120.0 

-1  .0 

44 

F0RCE 

1 

4 

0 

240.0 

.0 

45 

GRID 

1 

0 

.0 

.0 

.0 

0 

3456 

46 

GRID 

2 

0 

180.0 

.0 

.0 

0 

3456 

47 

GRID 

3 

0 

180.0 

240.0 

.0 

0 

3456 

48 

GRID 

4 

0 

360.0 

.0 

.0 

0 

3456 

49 

GRID 

5 

0 

360.0 

.0 

.0 

0 

3456 

50 

GRID 

6 

0 

540.0 

.0 

.0 

0 

3456 

51 

MATl 

1 

3.0+4 

.3 

+MAT1 

52 

♦MATl 

16.99235344 

11.814744801 

1 .E04 

53 

MATl 

12 

13.0+4 

1.3 

1 

1 

•MAT-1 

54 

♦MAT-^1 

118.82057716 

100.0 

200.0 

55 

MATS! 

2 

1000 

56 

PARAM 

IRES 

1 

57 

PLFACT 

4 

1 .0 

2.0 

2.5 

58 

PR0D 

1 

1 

7.97 

59 

PR0D 

2 

1 

21.16 

60 

PR0O 

3 

1 

11.77 

61 

PR0O 

4 

2 

7.97 

62 

SPC 

1 

1 

1 

.0 

1 

2 

.0 

63 

SPC 

1 

6 

2 

.0 

64 

TABLESl 

1000 

*1001 

65 

*1001 

0.0 

0.0 

2.0911766-4 

6.273525 

*1002 

C6 

*1002 

4.1823532F-04 

10.0 

5.61167508E-4 

11.0 

*1003 

67 

*1003 

1.0561495E-03 

13.0 

ENDT 

68 

ENDDATA 
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18.5.5.2  Notes  on  Data  Cards 


4.  Selects  Rigid  Format  6 for  piecewise  linear  analysis. 

9-11.  Only  one  subcase  allowed  (here  it  is  implied  by  lack  of  subcase  delimiter).  Selects 

single-point  constraint  and  load  set  from  bulk  data.  Also  selects  PLFACT  for  increments 
to  be  applied  to  the  load  for  each  step  of  the  analysis. 

12-18.  Specifies  the  desired  printout  of  results.  The  results  for  elements  with  stress-dependent 
material  properties  will  be  printed  out  for  each  load  Increment,  otherwise,  only  the 
cumulation  stresses  will  be  printed.  All  other  selected  output  will  be  printed  for  the 
cumulation  results  at  each  load  increment. 

23.  Requests  three  blank  frames  be  skipped  before  plotting  the  next  request. 

30.  Requests  plot  of  undeformed  structure  for  clement  set  1 (default  to  first  defined  set). 

32.  Requests  plot  of  deformed  shape  superimposed  on  undeformed  plot  for  load  Increments  1 
through  3 and  defines  the  same  deformation  factor  for  all  load  increments. 

51-52.  Specifies  material  properties  which  are  not  stress  dependent.  Uses  a double  precision 
continuation  card  format. 

53-54.  Specifies  material  properties  which  are  stress  dependent. 

55.  Specifies  table  reference  for  stress-dependent  material  property  factors. 

57.  Provides  for  three  load  increments. 

58-61.  Element  properties. 

64-67.  Tabular  definition  of  stress-dependent  properties  using  double  precision  continuatioi 

card  fornat.  The  abscissa  (X-entry)  represents  the  strain  (E)  and  the  ordinate  (Y-entry) 
represents  the  corresponding  stress.  At  each  load  increment  NASTRAN  recomputes  Young’s 
Modulus  (E)  to  be  applied  for  the  next  load  increment  (TT-I  3.8.3).  The  algorithms  used 
differ  with  element  type  (TM  3.8.4). 
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NASTRAN  dynamic  analyses  are  separated  into  three  basic  types: 

1.  Eigenvalue  Extraction 

2.  Frequency  and  Random  Response 

3.  Transient  Response 

Furthermore,  analysis  solutions  for  each  type  are  obtained  using  either  a direct  equation  solution 
or  a normal  inodes  transformation  of  the  structural  equations  before  solution. 

A flowchart  for  NASTRAN  dynamic  analyses  Is  presented  In  Figure  1.  The  flowchart  also  Includes 
the  names  of  key  NASTRAN  modules  utilized  In  dynamic  analyses. 

Of  the  two  approaches  to  problem  formulation,  the  direct  method  simply  uses  the  displacements 
at  selected  grid  points  as  dynamic  degrees  of  freedom.  The  modes  of  structural  vibration  within  a 
selected  frequency  range  are  used  as  degrees  of  freedom  In  the  modal  method.  This  approach  results 
In  a significant  reduction  In  the  number  of  degrees  of  freedom  for  solution,  while  maintaining 
response  accuracy  in  the  selected  frequency  range.  However,  an  added  step  for  elganvaluo  extraction 
Is  Introduced  In  the  analysis. 
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The  flow  dlasram  1.)  Figure  1 is  simplified  to  the  extent  that  it  shows  only  the  major  opera- 
tions that  are  performed.  Complete  descriptions  of  the  sequences  of  moduie  calls  for  all  Rigid 
Formats  are  contained  In  Section  3 of  the  NASTRAN  User's  Manual.  The  functions  Indicated  In 
Figure  1 are  described  In  subsections  of  the  Theoretical  Manual  as  fellows: 


Section  9.2 
Section  9.3 


Section  9.4 


Real  Eigenvalue  Analysis,  READ 
Complex  Eigenvalue  Analysis,  CEAO 

Dynamic  Pool  Distributor,  DPD 
Direct  Dynamic  Matrix  Assembler,  6KA0 
Modal  Dynamic  Matrix  Assembler,  GKAM 

Dynamic  Data  Recovery,  DOR 


Section  11. 
Section  12. 


Transient  Response  Analysis,  TRD 

Frequency  Response  Analysis,  FRRO 
Random  Analysis  Module,  RANDOM 


The  Inputs  to  NASTRAN  for  structural  dynamic  analysis  have  been  organized  to  provide  ease  of 
transition  fron  static  analysis  Input  requirements  described  in  Section  18.  All  elements,  con- 
straints, and  scalar  point  modeling  options  are  available  In  the  dynamic  analysis  Rigid  Formats. 
However,  the  following  basic  differences  must  be  considered: 

1.  Longer  running  time  results  when  tne  unreduced  static  model  Is  used  for  a dynamic 
solution.  Either  the  modal  approach  or  the  use  of  matrix  condensation  (ASET  or  0MIT 
data  cards)  with  the  direct  approach  is  recommended  to  minimize  the  problem  size. 

2.  Mass  data  are  required. 

3.  Damping  may  be  Included  using  elements  or  proportionality  factors. 

4.  Loads  must  be  defined  as  functions  of  time  or  frequency. 

5.  Data  appropriate  to  the  method  of  solution  for  time  steps,  frequencies,  and  eigenvalue 
ranges  are  required,  depending  on  the  Rigid  Format  selected. 

In  addition  to  damping  and  mass  modeling  features  provided  for  structural  dynamic  analysis, 
NASTRAN  also  provides  general  capabilities  for  modeling  control  systems,  hydroelastic  effects,  and 
aeroelastic  responses  through  the  use  of  special  elements  and  direct  matrix  Input. 

The  following  se.tlons  describe  procedures  and  options  used  for  various  approaches  to  NASTRAN 
dynamic  analysis.  The  first  tw-.  sections  contain  the  Important  topics  of  modeling  mass  and  damping 
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effects.  The  fourth  section  describes  the  modal  and  direct  approach  options  available  for  foraiu* 
lating  the  solution  matrices.  A separate  section  Is  devoted  to  each  of  the  Individual  types  of 
solution:  eigenvalue  analysis,  transient  response,  and  frequency  response.  A suaeiary  of  output 
selection  procedures  Is  presented,  and  this  section  Is  concluded  by  a set  of  annotated  sample 
problems  with  Input  data  listings. 
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19.2  MASS  MODELING 

Mass  matrix  terms  for  NASTRAN  dynamic  analyses  are  input  using  structural  elements,  special 
mass  elements,  or  direct  Input  matrix  terms  and  transfer  function  data. 

19,2.1  Inertia  Properties  of  Structural  Elements 

All  of  the  metric  structural  elements  (rods,  bars,  shear  panels,  twist  panels,  plates,  shells, 
and  solid  elements)  may  have  unifonaly  distributed  structural  and  nonstnictural  mass.  Structural 
mass  Is  calculated  from  material  and  geometric  properties.  The  mass  Is  assumed  to  be  concentrated 
In  the  middle  surface  or  along  the  neutral  axis  in  the  case  of  rods  and  bars,  so  that  In-plane  or 
In-line  rotary  inertia  effects  such  as  the  torsional  inertia  of  beams,  are  absent.  Such  effects 
can,  of  course,  be  assigned  by  the  user  to  grid  points.  The  masses  of  metric  structural  elements 
are  transferred  to  the  adjacent  grid  points  at  the  option  of  the  user  by  either  of  two  methods, 
the  Lumped  Mass  or  Coupled  ("consistent")  Mass  methods. 

In  the  Lumped  Mass  method,  the  mass  of  an  element  is  simply  divided  and  assigned  to  surround- 
ing grid  points.  Thus,  for  uniform  rods  and  bars,  ono-half  of  the  mass  is  placed  at  each  end.  For 
uniform  triangles,  one-third  of  the  mass  is  placed  at  each  corre  . Quadrilaterals  are  treated  as 
two  pairs  of  overlapping  triangles.  Second  mass  moments  are  not  computed  with  the  Lumped  Mass 
method.  The  virtues  of  the  method  derive  from  its  simplicity.  j 

In  the  Coupled  Mass  method,  the  mass  matrix,  computed  for  each  structural  element.  Includes 
off-diagonal  coefficients  that  couple  adjacent  grid  points.  This  "consistent  mass  method"  Is  so 
named  because  in  the  element  formulation  the  same  assumed  deformation  shapes,  which  were  used  to 
develop  the  stiffness  matrix  terms,  are  also  used  to  compute  the  inertial  mass  matrix  terms.  The 
relative  accuracy  of  the  two  methods  is  discussed  in  Sp  iOn  5.5.5  of  the  Theoretical  Manual. 

The  options  for  coupled  mass  for  individual  element  types  (CPBAR,  CPR0D,  CPQOAOl,  CPQUA02, 

CPTRIAl,  CPTRIA2,  CPTUBE,  CPQOPLT,  CPTRPLT,  CPTRBSC)  are  controlled  by  the  PARAM  card.  The  PARW 
data  card  option,  C0UPMASS,  causes  generation  of  coupled  mass  data  for  all  the  element  types 
listed  above.  The  default  definition  of  the  C0UPMASS  parameter  produces  lumped  mass  matrix  terms. 

19.2.2  Concentrated  Mass  Elements 

For  modeling  concentrated  lumped  masses,  the  NASTRAN  elements  C0NM1,  C0NM2,  and  CMASS1 

(1  • 1,2, 3,4)  are  used.  Mass  elements  C0NM1  and  C0NM2  are  used  to  connect  a mass  to  the  six  ^ 

i 
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degrtes  of  freedom  at  a grid  point.  The  CMASSi  elements  are  used  to  connect  inertia  effects 
directly  to  scalar  degrees  of  freedom  or  grid  point  components.  (See  Section  5.5.1  of  the 
Theoretical  Manual  for  a discussion  of  the  possible  uses  for  these  elements.) 

19*2.3  Other  Mass  Potions 

Other  useful  options  auallable  In  NASTRAN  for  mass  matrix  operations  are: 

1.  A mass  scale  factor  nay  be  provided  using  t1.e  PARAM  MTMASS  data  card.  The  mass  matrix 
of  the  entire  structure  Is  scaled  by  this  factor.  Output  from  the  structural  weight 

simKiary  are  not  scaled,  resulting  In  mass  printout  in  original  units.  The  default  value 
for  HTMASS  Is  1.0. 

2.  A summary  of  the  overall  structural  mass,  center  of  gravity  (CG).  inertia,  and  principal 
axes  orientation  Is  controlled  by  the  input  parameter  GROPNT.  If  a grid  point  is 
specified,  the  data  are  calculated  relative  to  that  point  in  space.  If  zero  is  specified 
the  location  of  the  CG  and  the  inertia  tensor  are  calculated  relative  to  the  origin  of 
the  basic  coordinate  system.  (For  details  of  the  actual  printout,  see  Section  I.i.9.4 
of  the  User's  Manual.) 

3.  Direct  Input  mass  matrix  terms  may  be  specified  on  DMiG  bulk  data  cards.  These  are 
described  in  Section  19.4. 
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Figurt  1.  flow  diagram  for  dynamic  analysis  by  the  dlsplactMnt  Mthod. 
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19.3  DAMPING  EFFECTS 

Dwiplng  effects  are  available  via  Input  options  In  all  dynamic  analyses  except  for  real 
eigenvalue  analysis  (Rigid  Format  3).  The  actual  type  of  Input  damping  data  which  may  be  used 
depends  on  the  method  of  analysis  formulation  and  solution  defined  by  the  Rigid  Format.  For 
example.  In  a modal  formulation  (Rigid  Formats  10,  11,  and  12),  the  equations  of  motion  are 
normally  uncoupled  for  solution  of  modal  coordinate  response.  Therefore,  uncoupled  modal 
damping  functions  may  be  used  as  Input. 

The  damping  options  available  In  NASTRAN  are  shown  In  Table  1.  The  different  types  of 
damping  are  described  below. 

1.  Viscous  Elements  are  defined  on  CVISC  and  CDAMPi  bulk  data  cards.  The  VISC  element 
connects  two  grid  points  and  acts  as  a shock  absorber.  The  DMAP1  elements  connect 
scalar  degrees  of  freedom. 

2.  Structural  Damping  Is  proportional  to  stiffness  matrix  terms  and  Is  defined  both  on 
material  (MAT1)  data  cards  and  as  an  overall  factor  on  the  PARAM  G data  card.  In 
direct  complex  eigenvalue  analysis  (Rigid  Format  7)  and  frequency  response  (Rigid 
Format  8),  the  form  of  the  matrix  terms  are  imaginary  stiffness  matrix  coefficients 
which  approximate  a hysterlsis  effect.  In  transient  analysis,  the  damping  matrix  Is 
scaled  by  frequency  factors  and  on  PARAM  W3  and  PARAM  W4  data  cards  and  are  used 
as  a viscous  damping  matrix. 

3.  Direct  Input  Damping  ii»"»rices  are  defined  using  OMIG  data  cards.  Symnetrlc,  unsymmetric, 
and  complex  matrix  terms  may  be  Input.  The  only  restriction  Is  that  real  terms  only 
must  be  used  In  transient  analysis. 

4.  Transfer  Functions  may  be  used  to  provide  viscous  damping  either  explicitly,  through  the 
coefficients  added  to  the  damping  matrix,  or  implicitly,  through  an  attached  control 
system  model.  TF  bulk  data  cards  are  used  for  this  purpose. 

5.  Modal  Damping  Factors  are  used  In  modal  formulations  to  provide  damping  on  the  Individual, 
uncoupled  modal  coordinates.  The  damping  function  g(f)  ■ 2c,  where  c Is  expressed  as  a 
percent  of  critical  damping.  Is  input  on  TABDMP1  data  cards. 
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Table  1.  Available  Types  of  Damping  In  the  Dynamic  Rigid  Formats. 
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19.4  SPECIAL  DYNAMIC  EFFECTS 

In  NASTRAN,  dynamic  analysis  Is  performed  via  a basic  quadratic  format, 

[Mp^  ♦ Bp  ♦ K]{u}  - {P>  . (1) 

Situations  occur,  rather  frequently,  where  some  of  the  properties  of  a dynamic  system  cannot 
be  expressed  directly  as  constant  coefficients  In  a mass,  damping,  or  stiffness  matrix.  If  the 
analysis  Is  formulated  In  the  frequency  domain,  as  are  many  problems  In  aeroelasticity  and  hydro- 
elasticity, terms  may  occur  that  have  other  than  constant,  linear,  or  quadratic  dependence  on  the 
operator  p.  These  terms,  however,  may  be  expressed  as  frequency-dependent  coefficients  In  the 
mass,  damping,  or  stlffncis  matrices.  This  creates  a certain  awkwardness  In  the  solution  of 
these  dynamic  problems. 

Several  options,  a*,  outlined  below,  are  provided  for  modeling  nonstructural  dynamic  effects 
Including  transfer  func:1ons,  direct  Input  matrices,  end  nonlinear  transient  loads.  For  convenience, 
and  to  avoid  conflicts  with  static  analyses,  additional  degrees  of  freedom,  called  extra  points 
(EPfINT  data  card),  may  be  Introduced  for  the  dynamics  Rigid  Formats.  (See  Section  9.3  of  the 
Theoretical  Manual  for  details  of  the  fonnulatlon  equations.) 

One  example  of  the  use  of  extra  points  Is  for  structural/control  system  modeling.  In  order 
to  facilitate  the  treatment  of  control  systems,  NASTRAN  Includes  an  Input  data  format  for  the 
specification  of  transfer  functions  In  the  form 


bo  ♦ b^p  ♦ BgP  i 


^ (aj  + aJp  + a-V^)  u. 


(2) 


which  is  Interpreted  by  the  program  as  a differential  equation  with  terms  In  the  rows  of  [M],  [B], 
and  [K]  corresponding  to  u^.  u^  must  be  an  extra  point,  but  u^  can  either  be  an  extra  point  or 
any  structural  point  contained  In  u^. 

Structural  loads  proportional  to  displacements  at  extra  points  are  represented  by  adding 
terms  In  the  stiffness  matrix  at  the  Intersections  of  rows  corresponding  to  the  structural  points 
and  columns  corresponding  to  the  extra  points.  Direct  Input  data  cards  are  provided  for  this  pur- 
pose. The  superposition  of  all  such  terms.  Including  those  generated  by  transfer  functions.  Is 
called  tne  direct  Input  stiffness  matrix,  [K^].  The  direct  Input  mass  and  damping  matrices  are 
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tN*3  end  [B^].  Tenns  In  the  direct  input  matrices  may  refer  to  extra  points,  to  structural  points, 
or  to  both.  Since  dynamic  loads  may  also  be  applied  to  extra  points,  the  means  are  available  for 
the  complete  simulation  of  subsystems  by  means  of  extra  points.  Some  applications  to  control 
system  simulation  are  described  In  Section  14.2  of  the  Theoretical  Manual. 

In  transient  analysis,  nonlinear  effects  may  be  modeled  as  an  additional  applied  load  vector 
W),  whose  elements  are  functions  of  the  degrees  of  freedom  (displacement  or  velocity).  The 
vector,  (M),  Is  added  to  the  right  side  of  the  equation  of  motion  and  Is  treated  In  a similar  but 
slightly  different  manner  than  the  applied  load  vector  during  numerical  Integration. 

In  order  to  eliminate  the  cumbersome  task  of  reducing  nonlinear  loads  at  each  time  step  from 
the  Ujj  displacement  set  to  the  solution  set.  it  is  required  that  the  points  to  which  the  nonlinear 
loads  refer  belong  to  the  solution  set  of  coordinates.  It  is  further  required,  for  the  sane  reason , 
that  If  a modal  formulation  Is  used,  the  points  referenced  by  the  nonlinear  loads  be  members  of  the 
set  (extra  points).  Otherwise,  two  complete  modal  transformations  (one  for  displacements  and 
one  for  loads)  would  be  required  at  each  time  step. 

NASTRAN  Includes  four  different  types  of  nonlinear  elements.  They  are  sufficient  to  generate 
many  types  of  nonlinear  relationships  when  used  in  conjunction  with  transfer  functions  and  direct 
Input  matrices.  These  data  are  input  on  NBLINi  bulk  data  cards. 
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19.5  DIRECT  VS.  MODAL  FORMULATION 

Both  direct  and  rodal  formations  for  dynamic  solution  are  available  In  NASTRAN.  The  direct 
method  uses  actual  grid  point,  scalar  point,  and  extra  point  degrees  of  freedom  to  define  the 
solution  matrices.  The  modal  method  transforms  structural  degrees  of  freedom  Into  generalized 
coordinates  representing  displacements  of  the  normal  structural  modes.  The  advantages  of  each 
method  are  sumnarlzed  below. 

The  advantages  of  the  Direct  Formulation  Method  are: 

1.  No  truncation  of  coordinates  Is  Involved.  All  nodes  participate,  which  provides  more 
accuracy  when  a wide  spectrum  of  frequencies  is  excited,  such  as  for  an  Impact  problem. 

2.  All  options  for  damping,  initial  conditions,  and  nonlinear  effects  are  provided. 

3.  No  extra  transformations  need  to  be  performed  on  the  load  and  displacement  vectors. 

The  advantages  of  the  Modal  Formulation  Method  are: 

1.  Provides  economic  solutions  when  modal  coordinates  are  uncoupled  (no  coupled,  direct 
matrix  input  data  are  used),  and/or  a large  number  of  time  steps  or  frequencies  are 
required. 

2.  The  uncoupled  transient  solution  algorithm  performs  an  explicit  Integration  with  less 
error  due  to  time  step  size. 

3.  The  output  of  modal  frequencies  and  mode  shape  vectors  allows  the  user  to  Identify 
significant  modes  and  facilitates  understanding  of  the  dynamic  responses. 

From  experience,  the  modal  formulation  has  been  the  practical  choice  for  most  structural 
analyses  Involving  low  frequency  excitation  and  a large  number  of  time  step  or  frequency  solutions. 
The  direct  method  is  useful  for  special  modeling  requirements  or  when  the  modal  formulation  Is 
otherwise  Inadequate. 

With  both  methods,  the  use  of  matrix  condensation  (Guyan  reduction)  with  the  BMIT,  IMITl, 

ASET,  or  ASETl  data  cards  is  a valuable  tool.  This  option  produces  a static  condensation  on  the 
stiffness  matrix  and  a related,  consistent  transformation  on  the  mass,  damping,  direct  Input,  and 
load  matrices  (see  Section  3.5.3  of  the  Theoretical  Manual  for  details).  The  result  Is  a set  of 

smaller-order  solution  matrices  for  both  real  eigenvalue  solutions  and  direct  fonmilatlon  response 
problems. 
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19.6  EIGENVALUE  ANALYSIS 

NASTRAN  has  provision  for  both  real  and  complex  eigenvalue  analysis  of  dynamic  systems. 

Real  normal  modes  analysis  Is  closely  related  to  static  analysis  In  that  only  undamped*  real, 
synmetrlc  matrices  are  used.  Complex  eigenvalue  analysis  Is  used  to  obtain  general  second-order 
eigenvalue  solutions.  Each  type  of  analysis  has  several  solution  algorithm  options,  each  with 
particular  requirements  and  advantages.  These  are  described  next.  ' 

19.6.1  Normal  Modes  Analysis 

The  NASTRAN  normal  modes  solution  equation  has  the  form: 

".j>  ■ "»  • <’> 

where  the  mass,  M_,  and  stiffness,  K,,,  matrices  correspond  to  the  structural  analysis  displace- 

da  oo 

ment  set  after  constraints  and  matrix  condensation  transformations  have  been  applied.  The  matrices 

2 

may  represent  free  body  structures.  Obtaining  the  eigenvalues,  , and  corresponding  eigenvectors, 
{Uaj},  for  Equation  3 comprises  the  basic  solution  for  the  analysis. 

Data  for  control  of  real  eigenvalue  analysis  are  specified  on  the  EIGR  bulk  data  card.  When 
free  bodies  are  being  analyzed,  r.gid  body  support  coordinates  may  be  specified  on  SUPfRT  data 
cards.  The  purpose  of  the  SUPgRT  data  are  to  Instruct  NASTRAN  to  calculate  free  body  modes 
directly  from  the  stiffness  matrix,  resulting  In  more  accurate  and  economical  solutions. 

Different  methods  for  extracting  real  eigenvalues  may  be  selected  using  the  EIGR  bulk  data 
card.  Each  method  has  unique  characteristics,  as  described  below: 

1.  The  Givens- Householder  or  "6IV"  method  performs  a Choleski  decomposition  on  the  mass 
matrix,  multiplies  the  stiffness  matrix  by  the  Inverse  product,  and  performs  a tri- 
diagonal  transformation  on  the  results.  The  method  extracts  all  eigenvalues  In  the 
order  of  highest  to  lowest  f**equency.  The  method  Is  efficient  when  the  matrix  size  Is 
small  enough  (250)  to  be  held  In  core.  The  method  also  requires  a nonsingular  mass  matrix. 
The  Guyan  reduction  procedure  (9NIT  and  ASET  data  cards)  Is  Ideal  for  eliminating 
singular  mass  points,  such  as  those  associated  with  rotations,  and  for  reducing  the 
size  of  the  matrices.  The  advantage  of  this  method  Is  that  It  can  calculate  a large 
number  of  modes  efficiently.  Its  disadvantages  are  that  It  Is  most  efficient  for 
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smaller  matrices,  and  It  may  produce  numerical  round-off  errors  for  low  frequency  modes 
at  or  near  zero  frequency. 

2.  The  Inverse  Power  or  "INV  procedure  performs  "shlfted-power  method"  vector  Iterations 
to  co(H)ute  each  normal  mode.  Each  Iteration  consists  of  several  matrix-vector  trans- 
formations. Since  a sum  of  the  mass  and  stiffness  matrix  may  be  decomposed  several  times 
during  the  solution,  these  matrices  should  he  either  well-banded  or  small  for  efficiency. 
The  method  allows  singularities  in  the  stiffness  and  mass  matrix.  However,  the  sin  of 
these  matrices  must  not  be  singular. 

An  advantage  of  the  inverse  power  method  Is  that  a modal  constructed  for  a static 
solution  will  require  little  additional  data  for  a normal  inodes  solution.  There  are 
several  disadvantages  to  this  method,  lengthy  computer  runs  are  required  to  obtain  a 
large  nunber  c'  modes.  Also,  the  user  must  estimate  the  region  of  the  frequencies  and 
the  number  of  modes  in  the  region,  requiring  some  prior  knowledge  of  the  solution.  If 
the  user  overestimates  these  values,  the  run  could  be  costly.  If  he  undervalues  them, 
soflie  modes  may  not  be  computed. 

3.  The  Fast  Eigenvalue  Extraction  Routine,  or  "FEER"  method  provides  a useful  miJule 
ground  between  the  6IV  and  INV  methods.  The  method  uses  a Raylelgh-Rltz  procedure 
with  shape  functions  obtained  from  a power  method.  The  reduced  equations  are  solved 
using  a tri di agonal Izatlon  procedure  which  simultaneously  orthogonal Izes  the  shape 
functions.  The  mass  matrix  may  be  singular.  Sparse  and  banded  matrices  are  desirable. 
The  execution  cost  for  a moderate  number  of  modes  will  generally  be  less  than  the  other 
methods  where  the  cost  of  the  required  matrix  condensation  Is  Included  for  the  Givens 
method. 

4,  The  Determinant,  "GET,"  method  has  the  same  general  characteristics  as  the  usually  more 
efficient  Inverse  power  method.  The  main  advantage  of  Including  both  methods  is  the 
redundancy  that  Is  provided  in  case  one  method  should  fall  for  a particular  analysis. 

19.G.2  f«Mpiax  Eioenvalue  Analysis 

The  complex  eigenvalue  analysis  technique  In  NASTRAN  Is  of  the  form: 

Mp^  ♦ Bp  ♦ Kj  {Q}  • 0 . 
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Th€  matrices  N,  and  K may  be  complex  and  nonsymmetric.  The  decrees  of  freedom  may  Include 
extra  points  and  modal  coordinates.  In  the  direct  method  of  formulation  (Rigid  Format  7),  the 
general  form  of  damping  Is  used.  In  the  modal  method  (Rigid  Format  10).  only  direct  Input  daa|>1ng 
matrices  and  modal  damping  are  allowed.  The  uncoupled  modal  solutions  define  structural  character- 
istics prior  to  the  Introduction  of  damping  and  coupling  to  the  extra  points. 

The  control  data  for  extracting  the  eigenvalues  are  provided  on  the  EI6C  bulk  data  card. 

Unlike  real  norms!  mode  analyses,  no  special  provisions  are  Included  for  free  body  modes.  As 
In  normal  modes  analysis,  the  PEER,  Inverse  power,  and  determinant  eigenvalue  extraction  methods 
are  available.  However,  the  Upper  Hessenberg,  "HESS,"  method  replaces  the  Givens  method  for 
complex  eigenvalue  extraction. 

Complete  descriptions  of  each  NASTRAN  eigenvalue  extraction  method  are  presented  In  the 
Theoretical  Manual,  Section  10. 
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19.7  FREQUENCY  RESPONSE  ANALYSIS 

In  frequency  response  analysis  the  Input  loading  Is  defined  as  a series  of  sinusoidal 
loads,  each  operating  at  a unique  frequency.  The  steady  state  response  of  the  structure  at  each 
solution  frequency  Is  also  assumed  to  be  sinusoidal  with  the  magnitude  and  phase  angle  being 
defined  by  a complex  number.  The  general  solution  matrix  equation  Is: 

+ 1o)[B]  + [K]j  {u(u)}e^“^  - P(a»)e^“‘  . (5) 

where  u>  Is  the  excitation  frequency  in  radians  of  the  Input  load  {P}.  All  quantities  Including 
the  output  dlsplacementSe  u(o)),  may  be  complex  numbers. 

Figure  1 shows  a simplified  flow  diagram  for  the  frequency  response  module.  The  calculations 
are  of  two  kinds:  the  generation  of  loads  and  the  solution  of  the  dynamic  equations  to  obtain  a 
displacement  vector.  In  static  analysis  a number  of  automatic  load  generating  subroutines  (gravity 
load,  pressure  load,  temperature-induced  load,  etc.)  are  employed  In  order  to  simplify  the  user's 
task  of  Input  data  preparation.  Similar  schemes  are  not  made  available  for  dynamic  analysis, 
mainly  because  of  the  great  variety  In  the  possible  sources  of  dynamic  loads.  For  frequency 
response  analysis,  the  user  Is  provided  with  a flexible  Input  data  format  which  provides  a varying 
degree  of  generality  versus  simplicity. 

In  HASTRAN,  the  dynamic  load  vector  that  Is  used  in  a specific  subcase,  Is  constructed 

as  a combination  of  component  load  sets,  {R.  }. 

J 

* 2SckvPj‘‘(“)>  . (6) 

where  Is  a factor  defined  on  a DL0AD  bulk  data  card  that  gives  the  proportion  of  component 
load  k used  In  combined  load  set  c.  The  advantage  df ‘ttil s aystgi;  Is  that  It  facilitates  the 
examination  of  different  combinations  of  loads  from  different  sources.  The  form  provided  for 
specifying  a component  load  set  Is: 

{Pj''(u))}  * ^Aj^e^(®jk  ■ “■'jkh  • G,^(<o)  . (7) 

******^  ^Jk*  ®Jk*  ^Jk  tabulated  coefficients  define^  on  DAREA,  OPHASE,  and  DELAY  data  cards, 
respectively,  that  may  be  different  for  each  degree  of  freedom  (j).  A tabulated  complex  function 
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of  friqwnry.  i»  providtd  (with  two  altornot*  foros  on  FlfROI  and  RLPA02  dot*  cords)  to 

linttrly  Intorpoloto  to  tho  frtquonclo*.  *t  which  solutions  or*  r*quest*d.  Th*  fom  provided 
by  CRUotloo  7 Is  wst  us*ful  for  loods  du*  to  tr*v*11n9  woves. 

NMDlngful  1nt*rpr*Ut1on  of  th*  synbols  In  Equotlon  7 for  such  oppllcotlons  Is  thot  6^(w) 

Is  th*  pressor*  produced  by  th*  wove,  thot  Is  th*  exposed  ore*  ossocloted  with  th*  decree 
of  fr«*d«o»  end  thot  Is  tho  trovel  tloo  required  for  the  wove  to  reoch  th*  degree  of 
freedoa. 

Th*  odditlon  of  dooplng  effects  (Section  19. » or*  recoeaended  for  th*  ovoldonc*  of 
slngulerltles  ot  the  noturol  frequencies  of  th*  systea. 

To  define  th*  results  fro*  these  onolyses,  th*  other  necessory  Input  for  frequency  response 
onolysls  Is  o list  of  solution  frequencies.  These  or*  specified  on  FREQ1  bulk  dote  cords. 

A coo^let*  description  of  NASTRAN  frequency  response  onolysls  procedures  Is  presented  In 
Section  12  of  th*  Theoreticol  Nonuol . 


" 
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19.8  TRANSIENT  RESPONSE  ANALYSIS 

Transient  response  analysis  provides  a direct  simulation  of  the  dynamic  response  of  the 

P 

system  occuring  due  to  Initial  conditions  and  time-varying  excitation.  The  solution  equation  for 
transient  response  Is: 

[M]{a}  ♦ [B]{v}  ♦ [K]{u>  » {P(t)>  + {H(U)>  + {N(u)}  . (8) 

where  P(t)  Is  a user-defined  load  function  calculated  at  each  time  step,  t.  The  resulting  dis- 
placements (u),  velocities  (v),  and  accelerations  (a),  are  calculated  using  either  the  direct 
method  or  the  modal  method.  The  nonlinear  load  vector  {N}  Is  calculated  using  user-supplied 
functions  of  displacement  and/or  velocity. 

The  generation  of  transient  loads  can  be  a formidable  task.  The  most  general  form  of  loading 
Is  one  which  has  a different  time  history  of  load  for  each  point  in  the  structure.  Even  for  a 
problem  of  moderate  size  (say  50  loaded  points  and  200  time  intervals),  the  data  set  required  to 
specify  a general  loading  is  large  (50  x 200  = 10,000  entries).  Thus,  It  is  essential  to  provide 
data  formats  that  acconnodate  special  cases. 

In  NASTRAN,  the  applied  transient  load  vector,  (Pj*^),  that  is  used  in  a specific  subcase  is 
constructed  as  a combination  of  component  load  sets,  {Pj  }, 

{p/(t)>  ' |:sck(Pj''(t)} . (9) 

where  S Is  a factor  defined  on  DL0AO  bulk  data  cards  that  gives  the  proportion  of  component  load 
set  k used  In  combined  load  set  c.  The  advantage  of  this  system  Is  that  It  facilitates  the 
examination  of  different  combinations  of  loads  from  different  sources. 

Two  separate  forms  are  provided  for  specifying  component  load  sets.  In  the  first,  or  general 
form,  TLfAOl  bulk  data  cards  define  the  load  function: 

<”/'«))  • - Tj,)  . OO) 

where  Aj^  end  are  tabulated  coefficients  that  may  be  different  for  each  loaded  degree  of 
freedom  (J).  The  load  coefficients  may  be  static  load  vectors  (FfRCE,  MOMENT,  PL0ADi,  etc.) 
In  addition  to  the  direct  OAI^  bulk  data.  A given  table  of  coefficients  (A  or  t)  may  ne 
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refertnccd  by  more  than  one  component  load  set.  A tabulated  function  of  tlm^i  F|^(t  - t),  is 
linearly  Interpolated  between  entries.  The  form  provided  by  Equation  10  Is  particularly  useful 
for  Uods  due  to  trevellng  Meves.  In  such  eppllcetlonst  Fj^  reprtsetns  the  pres$ui;o  produced  hy 
the  wave,  is  the  exposed  area  associated  with  the  degree  of  freedoei,  and  is  the  travel 
time  required  for  the  wave  to  reach  the  J***  degree  of  freedom. 

In  a second,  for  n of  transient  loading,  the  TLfAD  bulk  data  card  defines  the  function: 

n a I 

{Pj‘'(t)>  - “ e cos(2vf^t  + ♦jj),  0 < t < . (11) 

(Pj*'(t)}  « 0,  0 > t and  t . 

where 

‘ ■ ' - Tu  - 'jk  • <’« 

The  coefficients  and  have  the  same  meaning  as  they  do  in  the  general  form. 

Equation  10.  The  six  constants,  T,^.  Tjj^,  n^,.  a,^,  f,^,  and  are  entered  on  a separate  data 
card  for  each  load  set.  Although  the  appearance  of  Equation  11  is  formidable,  its  application  to 
a variety  of  special  cases  Is  straightforward.  The  time  constants.  T^j^  and  T2|^,  define  the  time 
limits  of  non-zero  load  for  a point  at  which  the  time  delay  Tj,^  is  zero.  A square  wave  between 
T,^  and  T2,j  is  specified  by  setting  * “k  * " 0-  ^ frequence  f starting 

at  t • T^^  is  specified  by  setting  "k  " “k  “ ^ \ function, 

P • a ♦ bt  ♦ ct^  ♦ ....  is  specified  by  combining  a number  of  load  sets  with  different  integral 
values  of  and  “k  “ “k  “ '^k  * **'*"''  entries  are  interpreted  as  zeros  by  the  computer, 

the  extra  burden  on  the  user  due  to  the  generality  of  Equation  11  is  minimal  in  all  of  the  above 
examples. 

Other  Input  data  for  transient  analyses  are  Initial  conditions,  time  sveps,  and  nonlinear 
loads.  These  data  are  selected  using  Case  Control.  The  TIC  (Transient  Initial  Condition)  data 
cards  are  used  to  Identify  Initial  displacements  and  velocities.  Default  values  are  zero  for  grid 
point  degrees  of  freedom  without  explicit  deformations.  Initial  conditions  may  be  applied  only  to 
solution  grid  point  or  extra  point  displacement  (not  modal)  coordinates. 
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TNt  TSTCP  bulk  4«ta  card  is  u$«d  to  define  different  time  intervals,  each  with  different 
t1«  step  tiles.  For  each  interval,  the  user  defines  the  number  of  steps,  the  time  increment, 
end  the  maiber  of  increments  between  each  printed  or  plotted  solution  vector. 

Nonlineer  load  date  are  input  on  NpLINi  (i  » 1.2,3,4)  bulk  data  cards.  These  are  used  to 
define  external  loads  as  functions  of  the  current  displacements  or  velocities.  The  degrees  of 
freedom  referenced  by  these  date  must  be  physical  solution  coordinates. 

A thorough  description  of  transient  analysis  procedures  in  NASTRAN  is  presented  in  the 
Theoretical  Manuel,  Section  11. 
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19.9  EXAMPLES  OF  DYNAMIC  ANALYSES 

Tht  following  sample  problems  Illustrate  many  of  the  options  and  controls  used  in  typical 
dynamic  analysis  applications.  The  actual  structural  models  are  relatively  small  and  simple  for 
the  purpose  of  Illustration  and  for  obtaining  analytical  and  theoretical  comparisons.  However, 
nearly  all  the  different  types  of  bulk  data  are  Illustrated,  along  with  many  case  control  options 
such  as  subcases  and  plotting. 

19.9.1  Rigid  Format  3 - Normal  Modes  Analysis  of  a Plate 

This  problem  demonstrates  the  solution  for  natrual  frequencies  of  a large-order  problem. 

The  structural  problem  consists  of  a square  plate  with  hinged  supports  on  all  boundaries.  The 
10x20  model,  shown  below,  uses  one  half  of  the  structure  and  synmetrlc  boundary  constraints  on 
the  mid-line  In  order  to  reduce  the  order  of  the  problem  and  the  bandwidth  by  one-half.  The 
results  of  this  analysis  can  be  found  In  the  Demonstration  Problem  Manual,  Section  3.1. 
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Because  only  the  bending  modes  are  desired,  the  In-plane  deflections  and  rotations  nomal  to 
the  plane  are  constrained.  The  Inverse  power  method  of  eigenvalue  extraction  Is  selected  and  both 
structural  mass  density  and  nonstructural  mass-per-area  are  used  to  define  the  mass  matrix. 

19.9.1.1  Input  Cards  - With  Structural  Plotting 


Card 

No. 

0 NASTRAN  FILES  « PLT2 

1 ID  DYNAMICS.  NASTRAN 

2 DIAG  8 

3 APP  DISPLACEMENT 

4 Sa  3.1 

5 TIME  32 

6 CENO 

7 TITLE  - VIBRATIBNS  »F  A 10  BY  20  PLATE 

8 SUBTITLE  - NASTRAN  OEM0NSTRATI0N  PR0BLEM  N0.  3-1 

9 $ 

10  SPC  « 37 

11  METH0D  - 3 $ INV  - ENCL0SES  1 M0DE  - FINDS  3 RBDTS 

12  $ 

13  0UTPUT 

14  SET  1 - 1 THRU  11,34  THRU  44,56  THRU  66.78  THRU  88,111  THRU  121 

15  SET  2 « 1 THRU  12,22.23.33.34,44,45.55.56.66,67,77,78,88,89, 

16  99.100,110  THRU  121 

17  DISPLACEMENTS  • I 

18  SPCFBRCE  • 2 

19  $ 

20  PL0TIO  - NASTRAN  DEM0NSTRATI0N  PR06LEM  N0.  3-1-1 

21  BUTPUT(PLBT) 

22  PLBHER  SC 

23  SET  1 INCLUDE  PLBTEL 

24  SET  2 INCLUDE  QUAD! 

25  MAXIMUM  DEFBRHATIBt;  1.0 

26  FIND  SCALE.  0RI6IN  10 

27  PTITLE  UNDEFBRMED  SHAPE 

28  PLBT  ORIGIN  10.  SET  2.  LABELS 

29  FIND  SCALE.  ORIGIN  11 

30  PTITLE  MODAL  DEFORMATIONS 

31  plot  MODAL  DEF0RMATI0N1 . ORIGIN  11.  SHAPE 

32  BEGIN  BULK 


' 
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19  9.1.2  Notes  on  Data  Cards 

4.  Selects  Rigid  Format  3 for  a Normal  Modes  Analysis. 

11.  Selects  method  of  real  eigenvalue  extraction  from  Bulk  Data. 

13-18.  Requests  printout  of  results. 

20-28.  Sets  up  for  orthographic  projection  plotting  of  the  original  model*  unde  formed. 

29-31 . Sets  up  for  orthographic  projection  plotting  of  the  mode  shapes  using  the  first 
element  set  (PL0TEL)  for  each  of  the  three  mode  shapes  generated. 

33-34.  Quadrilaterlal  plate  element  connectivities. 

35-37.  Specify  methods  for  real  elgenavlue  extraction. 

39-41.  Grid  point  location  and  default  single-point  constraints. 

45-46.  Defines  line  elements  for  plotting. 

47-48.  Quadrilateral  plate  element  properties. 

49-53.  Single-point  constraints  to  define  support  conditions  and  symmetry  hoiMdary 

conditions. 
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19.9.2  Rigid  Fomut  7 - Dwiped  Vibration  of  a Strlga 


mu  pr»blM  the  »se  of  direct  cowlex  eloeheeloe  enelysis  end  the  vertool  leethodt 

of  .owlyl.9  d«.,ln9  to  the  ttnictore.  The  tInoUted  «d.l  It  . ttrin,  onder  tentlo.  h.,1.9  onifon. 
rIKoot  end  stroctur.l  dee^lna.  et  sho«n  belon.  The  stiffnest  doe  to  tension  It  itodeled  nith  teeler 
tprinss.  the  Mtt  It  reprosented  by  teeler  Msses.  end  the  vltcoot  de.h.ln9  Is  provided  by  teeler 
deppers  conneettd  on  on.  end  to  the  points  end  fixed  on  the  other  end.  Ih.  stroctorel  dpeplng  Is 
pn«ld«l  by  the  teeler  springs  end  en  .«rell  deepln,  feetor.  t.  Ih.  peer  Is  eneooregpl  to  rofer 
to  Ml.  DB.onstr.tlon  Proble.  henuel.  Switlon  M for  e detelled  discussion  of  the  tl«ry  end  beck- 

ground  to  this  problem* 
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19.9.2.1  Input  Cards  - Scalar  Elements 


Card 

No. 


ORIGINAL  PAGE  IS 
OF  POOR  QUALITY 


1 ID  DEM701 . NASTRAN 

2 TIME  8 

3 APP  DISP 

4 S8L  7.1 

5 CENO 

6 TITLE  « CiMPLEX  EIGENVALUES  8F  A 500  CELL  STRING 

7 SUBTITLE  • NASTRAN  OEMINSTRATIfM  PRfBLEM  N|.  7-1-1 

8 CMETH0D  - 1 $ PEER 

9 8UTPUT 

10  SET  1 - 1 ,51 ,101 .151 ,201 .251 ,301 ,351 ,401 ,451 ,501 

11  DISP  - 1 

12  BEGIN  BULK 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

13 

CDAMP3 

60002 

401 

2 

0 

14 

CDAMP3 

60499 

401 

499 

0 

60500 

401 

500 

0 

15 

CELAS3 

1 

101 

0 

2 

2 

101 

2 

3 

16 

CELAS3 

400 

101 

499 

500 

500 

101 

500 

0 

17 

CMASS3 

40002 

301 

2 

0 

18 

CMASS3 

40499 

301 

499 

0 

40500 

301 

500 

0 

19 

EIGC 

1 

PEER 

MAX 

1.0-5 

♦CFEER 

20 

+CFEER 

-1.0 

15.0 

21 

PARAM 

6 

.05 

22 

POAMP 

481 

6.283185 

23 

PELAS 

101 

1.0^7 

.05 

10.0 

24 

PHASS 

301 

10.0 

25 

ENDDATA 

19.9.2.2  Notes  on  Data  Cards 


4.  Selects  the  Direct  Complex  Eigenvalue  Analysis  approach. 

8.  Selects  the  PEER  method  of  complex  eigenvalue  extraction  from  Bulk  DaU. 

9-11.  Requests  printout  of  displacements  for  all  grid  points  Inset  1 *4>1ch  will  be  printed 
for  each  mode  shape,  real  components  only. 

13-14.  Scalar  dmper  connectivities. 

15-16.  Scalar  spring  connectivities. 

17-18.  Scalar  masses. 

19-20.  Specifies  parameters  and  method  for  complex  eigenvalue  extraction. 

21.  Defines  a uniform  structural  dair.p1ng  coefficient. 

22-24.  Defines  scalar  element  properties. 


19.9-4 


EXAN>i.ES  OF  {mMMC  ANALYSES 


IS.0.3  Rigid  ForiMt  10  - Rocktt  guidance  and  Control 

This  piroblao,  •Ithough  a simplified  nodal  • contains  all  of  the  elenants  used  in  a linaar 
control  systam  analysis.  Tha  flaxibla  structure,  shown  below,  consists  of  throo  suctions:  two 
sections  are  constructed  of  structural  finite  elements;  the  third  section  is  fomulomd  in  terms 
of  its  modal  coordinates.  A sensor  is  located  at  an  arbitrary  point  on  tha  structuro  ^ connected 
to  a structural  point  with  multipoint  constraints.  The  measured  attitude  and  position  of  the 
sensor  point  is  used  to  generate  a voltage  to  control  the  gimbal  angle  of  the  thrust  noeile.  The 
notsle  control  is  in  itself  a servomechanism  cMSisting  of  an  amplifier,  a motor,  and  a position  and 
velocity  feadback  control . The  nozzle  produces  a force  on  the  structure  due  to  its  mass,  accelera- 
tion. and  the  angle  of  thrust.  The  motion  of  any  point  on  the  structure  is  dependent  tbo  elastic 
motions  and  the  large-angle  effects  due  to  free-body  rotations. 

The  user  should  refer  to  the  Demonstration  Problem  Manual,  Section  10.1  for  the  discussion 
of  the  control  system,  the  associated  transfer  function  parameters,  and  other  modeling  details. 
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19.9.3.1  Input  Cards  - OMAP  Alter,  Transfer  Function  and  Rcsequencing 


Card 

No. 


1 

2 

3 

4 

5 

6 

7 

8 
9 


10 

11 


13 

14 

15 

16 

17 

18 

19 

20 
21 


22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 


10  0EM10O1.  NASTRAN  * 

OIAG  14 
TIHE  5 

APP  DISPLACEMENT 
SOL  10.1 
ALTER  103 

cNDALTER 

CEND 


* COMPLEX  EIGENVALUE  ANALYSIS  - I^KET  CONTROL  SYSTEM 
SUBTITLE  - NASTRAN  DEMONSTRATION  P^lSi  ffi!  10-lT 
LABEL  > FLEXIBLE  STRUCTURE  CASE 
MPC  ■ 101 
METHOD  - 2 
TFL  • 20 
C1€TH0D  - 11 

OUTPUT 

SET  1 • 1,100,101,1010  THRU  1090 

SVECTOR  (SORTl .PHASE)  • ALL 
0ISPLACEt«NT  (SORTl  .PHASE)  - 1 
BEGIN  BULK 


1 


BAROR 

CBAR 

CBAR 

CELAS4 

CELAS4 

CMASS4 

CMASS4 

C0NM2 

com2 

EIGC 

♦EC 

EIGP 

EIGR 

+E2 

EPOINT 

GRDSET 

GRID 

GRID 

MAT1 

MPC 

MPC 

MPCADD 

pafj;m 

PARAM 

PBAR 

PBAR 

SEQ6P 

SPOINT 

SUPORT 

TF 

TF 

♦TX 

ENDOATA 


1 

15 

1001 

1003 

2001 

2003 

101 

119 

11 

-2.0 

11 

2 

MASS 

1010 


1 

101 

1 

3 

100 

101 

GROPNT 

LNODES 

10 

20 

100 

1001 

101 

20 

20 

100 


10 

20 

2.026+7 

164.1+7 

2.5+3 

2.5+3 

1 

19 

OET 

-1.0 

0.0 

INY 


1011 


116.176 

10.4+6 

16 

11 

100 

101 

4 

1 

1 

10.5 

1002 

2 

1 

1080 

6 


4 

5 

6 

7 

8 

9 

1 

.0 

10.0 

.0 

1 

2 

15 

16 

tool 

1002 

32.42+7 

1002 

1003 

1004 

518.7+7 

1004 

1001 

2001 

2.5+3 

1002 

2002 

1003 

2003 

3333.3 

833.3 

2.5+3 

1004 

2004 

MAX 

-2.0 

10.0 

10.0 

6 

6 

♦EC 

0.0 

2 

0.0 

50.0 

8 

8 

2 

+E2 

1030 

1040 

1050 

1060 

1070 

1080 

0.0 

1345 

0.0 

0.0 

0.0 

0.0 

• 

4.0+6 

6 

-1 

1001 

.0628318 

+161 

6 

3 

1.0 

100 

6 

-1.0 

4.0+2 

6.0+4 

6.0<^ 

2.0+2 

2.0+4 

2.0+4 

101 

7.5 

1003 

101 

1004 

6 

2001 

2002 

2003 

2004 

2 

.0 

.0 

50.0 

♦T6 

-4.25+6 

8.5+4 

♦TX 
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19.9.3.2  Notts  on  Data  Cards 


-wM-* 


EXAMPLES  OF  DVHAHIC  ANALYSES 


5.  Stitcts  tht  Modal  Coaipitx  Eigtnvalut  Analysis  approach. 

6-8.  DMAP  altar  pacfcaM  to  print  out  tht  grid  point  list  (6PL0)«  u-stt  dtgrtts  of  frttdon 
(USETD),  scalar  index  list  (SILD),  and  the  normal  nodes  matrix  for  the  a-set  displace- 
ments. 

13.  Selects  a multlpolng  constraint  set  from  Bulk  Data. 

14.  Selects  a method  for  real  eigenvalue  extraction  from  Bulk  Data. 

15.  Selects  the  transfer  function  (TF)  set  from  Bulk  Data. 

16  Selects  the  method  for  complex  eigenvalue  extraction  from  Bulk  DaU. 

17-20.  Bequest  printout  of  SfLUTIlN  set  displacements  and  displacements  for  structural 
grid  points  of  set  1 for  each  mode  shape  In  magnitude/phase  angle  format. 

22-24.  Beam  element  connectivity. 

25-28.  Scalar  element  connectivity. 

29-30.  Concentrated  mass  data. 

31-35.  Parameters  for  methods  of  eigenvalue  extraction.  Card  33  defines  poles  In  complex 
plane  that  are  used  Iwth  the  associated  EIGC  parameters. 

36.  Definition  of  extra  points  used  to  define  control  system  parameters. 

37-39.  Defines  location  of  grid  points  and  default  single  point  constraints. 

40-43.  Hiltlpolnt  constraint  equations  used  to  represent  modal  coordinates  of  model  between 
grid  points  16  and  19. 

44.  Requests  weight  and  balance  printout. 

45.  Defines  number  of  lowest  modes  to  be  used  In  this  nodal  fomiulatlon. 

46-47.  Beam  element  properties. 

48.  Specified  resequencing  of  grid  points  100  and  101. 

49.  Scalar  point  definition  (need  not  be  defined  on  SP0INT  card  If  number  Is  used  with 
scalar  element  definition,  e.g..  cards  25-28). 

50.  Defines  degrees  of  freedom  for  use  In  computing  determinate  reactions  for  constraining 
rigid  body  motion. 

51-53.  Specification  of  transfer  function  parameters. 
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19.9.4  Rljld  Fonwt  8 - Direct  Frequency  Response  of  e Plate 

Tkis  proble*  IllustraUs  the  use  of  the  direct  nathod  of  determining  structural  respoese  to 
ttMdy*state  sinusoidal  loads.  The  steady-state  response  of  the  structure  at  each  frequency  Is 
calculated  In  terms  of  complex  numbers  which  reflect  the  magnitudes  and  phases  of  the  results. 

The  particular  model  for  this  study  Is  a square  plate  composed  of  quadrilateral  plate 
elementSt  as  shown  below.  The  exterior  edges  are  supported  on  hinged  supports  and  symmetric 
boundaries  are  used  along  x>0  and  y»0.  The  applied  load  Is  sinusoltelly  distributed  over  the 
panel  and  Increases  with  respect  to  frequency.  For  further  details  on  the  Input  and  results*  see 
the  Damonstratlon  Problem  Manual.  Section  8.0. 


V 
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19.9.4.1  Input  Cards  - Frequency  Dependent  Loading 


Card 

No. 


1 ID  C»«01X10,  NASTRAN 

2 AFP  DISPLACEMENT 

3 S9L  8.1 

4 TIME  12 

5 CEND 

6 TITLE  • FREQUENCY  RESPfNSE  9F  A SQUARE  PLATE 

7 SUBTITLE  • NteTRAN  DEMBNSTRATIfN  PRDBLEM  N0.  8-1-1 

8 SPC  • 37 

9 DLBAD  - 8 

10  FREQUENCY  - 8 

11  BUTPUT 

12  SET  1 • 1,4.7,11.45.55.78.88.111,114.117,121 

13  DISPLACEMENT  (SfRT2. PHASE)  - 1 

14  SPCFBRCE  (S0RT2.PHASE)  • 1 

15  BEGIN  BULK 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

16 

CQUADl 

1 1 

23 

> 1 

2 

13 

12 

.00 

17 

CQUAD1 

109  1 

23 

109  1 

110 

121 

120 

.00 

18 

DAREA* 

37 

1 

3 

2.500000E-01 

19 

OAREA* 

37 

109 

3 

2.4471748E-02 

20 

FREQ 

8 

0.0 

8.0 

9.0 

10.0 

11.0 

21 

GRDSET 

126 

22 

GRID 

1 

.0 

.0 

.0 

23 

GRID 

121 

10.0 

10.0 

.0 

24 

MAT1 

8 

3.0+7 

.300 

25 

PQUAD1 

23 

8 1 

. 6666667 

13.55715 

26 

RL0AD1 

8 

37 

1 

27 

SPCl 

37 

4 

1 

2 

3 

4 

5 

6 

28 

♦41001H 

7 

8 

9 

10 

11 

29 

SPCl 

37 

35 

111 

112 

113 

114 

115 

116 

+21001H 

30 

♦21001H 

117 

118 

119 

120 

121 

31 

TABLE01 

1 

♦T1 

32 

♦T1 

0.0 

10.0 

100.0 

40.0 

ENOT 

33 

ENDDATA 

19.9.4.2  Notes  on  Data  Cards: 

3.  Selects  Direct  Frequency  and  Random  Response  Analysis  approach. 

9.  Selects  the  RL0AD1  frequency  response  dynamic  loading  condition  from  Bulk  Data. 

10.  Required  to  select  from  Bulk  Data  the  set  of  frequencies  to  be  solved. 

13.  Request  the  displacements  for  grid  points  of  set  1 to  be  printed  In  magnltude/phase 
format,  sorted  by  grid  point. 

14.  Requests  support  forces  to  be  printed  at  grid  points  of  set  1 to  be  printed  In  magni- 
tude/phase format,  sorted  by  grid  point. 

16-17.  Quadrilateral  element  connectivities. 

18-19.  Specifies  the  dynamic  load  scale  factor  and  point  of  application  In  double  precision 
format. 

20.  Defines  set  of  frequencies  for  solution.  Output  will  also  be  printed  at  these  fre- 
quencies because  no  BFREQUEi^Y  card  Is  used. 
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21-23.  Provides  grIdpoiRt  1oc«t1ons  and  defaglt  slngla  point  constraints. 

24-25.  Oafinas  aiatarlal  and  alanant  propartlas. 

Oafinas  fraguancy  dapandant  dynamic  load  function. 

27-30.  Spaciflas  support  and  syaxatrlc  boundary  singla  point  constraints. 

Sjloi*(fliid  dapandant  coafficlents  rafarancad.  In  this  case,  by 


EXAMPLES  OF  DYNAMIC  ANALYSES  (MUGINAL  PAQE  IS 

OF  POOR  QUALITY 

19.9.5  Rigid  Format  11  - Modal  Frequency  and  Random  Response  of  a Beam 

This  problem  demonstrates  the  frequency  response  solution  of  a structure  usin^  an  uncoupled 
modal  formulation.  The  structural  degrees  of  freedom  are  the  uncoupled  modal  displacements. 

This  problem  also  illustrates  various  methods  of  applying  frequency  response  loads  which  may  be 
input  as  complex  numbers  and  added  together  for  each  subcase. 

The  structure  to  be  solved  consists  of  a beam  with  simple  supports,  as  shown  below.  Included 
in  the  structural  model  is  a "general  element"  representing  the  first  two  cells  of  the  ten-cell 
beam.  The  applied  load  for  the  three  subcases  are  applied  to  the  center  three  points  on  the  beam. 
The  random  analysis  data  consists  of  a flat  power  spectral  density  function  ("white  noise")  for  the 
three  loading  subcases.  The  first  subcase  spectral  density  is  correlated  to  the  third  subcase 
spectral  density,  simulating  two  interdependent  probability  functions.  The  XY-plotter  capability 
is  used  for  output.  For  further  details  and  theory,  see  the  Demonstration  Problem  Manual, 

Section  111. 


19.9.5.1  Input  Cards  - "Complex"  Loading  and  Random  Response  Output 

Card 

No. 

0 NASTRAN  fiLLS  * (PLT2.NPTP) 

1 ID  DEM1 101,  NASTRAN 

2 OIAG  14 

3 CHKPNT  YES 

4 APP  DISPLACEMENT 

5 S0L  11,3 

6 TIME 

7 ALTER  112 

8 MATPRN  PMIA..,,//  $ 

9 ENOALTER 

10  CENO 
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Card 

No. 


11  MAXLINES  - 50000 

12  TITLE  > FREQUENCY  AND  RAND0M  RESP0NSE  fF  A 10  CELL  BEAM 

13  SUBTITLE  > NASTRAN  OEM0NSTRATI0N  PROBLEM  N0.  11-1-1 

14  SPC  - 11 

15  METH0O  > 2 

16  FREQUENCY  • 503 

17  RAND0M  • 11 

IB  SDAMPING  > 11 

19  0OTPUT 

20  SET  2 - 5,10 

21  SET  6 -6 

22  SET  10  • 6,11 

23  OISP(S0RT2, PHASE)  - 10 

24  ACCELER(S0RT2, PHASE)  - 10 

25  0L0AO  - 6 

26  ELF0RCE(S0RT2, PHASE)  • 2 

27  SUBCASE  1 

28  LABEL  « THREE  P0INTS  L0AOEO  WITH  TW0  SETS 

29  DL0AD  > 506 

30  SUBCASE  2 

31  LABEL  • 0NE  P01NT  L0ADED  WITH  TW0  SETS  AND  TIME  DELAYS 

32  DL0AD  - 507 

33  SUBCASE  3 

34  LABEL  » ®NE  POINT  LOADED  WITH  TW0  TABULAR  LOADS 

35  DL0AD  - 510 

36  $**************•****«******** 

37  PL0TIO  « NASTRAN  DEMONSTRATION  PROBLEM  NO.  11-1-1 

38  OUTPUT(XYOUT) 

39  PLOTTER  SC 

40  CAMERA  « 3 

41  SKIP  BETWEEN  FRAMES  - 1 

42  X6RID  LINE  - YES 

43  YGRID  LINE  « YES 

44  XLOG  » YES 

45  YL06  » YES 

46  XTITLE  =-  FREQUENCY  (HERTZ) 

47  YTITLE  - S 

48  TCURVE  • POWER  SPECTRAL  DENSITY  OF  POINT  6 DISPLACEMENT 

49  XYPL0T,XYPRINT  DISP  PSDF  / 6(T3) 

50  $ 

51  TCURVE  « POWER  SPECTRAL  DENSITY  OF  POINT  6 ACCELERATION 

52  XYPlOT  ACCELERATION  PSDF  / 6(T3) 

53  $ 

54  XLOG  « NO 

55  YLOG  « NO 

56  XTITLE  • TIME  LAG  (SECONDS) 

57  YTITLE  - R 

58  TCURVE  • AUTOCORRELATION  FUNCTION  FOR  POINT  6 DISPLACEMENT 

59  XYPLOT, XYPRI NT  OISP  AUTO  / 6(T3) 

60  BEGIN  BULK 
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1 2 3 4 5 • 6 7 8 9 10 


61 

C8AR 

3 

1 

3 

4 

20.  1 

.0 

1. 

1 

62 

CBAR 

10  1 

i 

10 

11 

20.  1 

.0 

1. 

1 

63 

C8NH2* 

11 

1 

5.34604-3 

•MI 

64 

*M1 

0.0  1 

1 

1 

1 

65 

C0NM2* 

12 

2 

1.069208-2 

•M2 

66 

*M2 

0.  1 

0. 

1 

1 

67 

C0NM2* 

13 

3 

5.34604-3 

*M3 

68 

*M3 

69 

DANEA 

2 

5 

5 

70 

DAREA 

2 

6 

3 

50. 

5 

3 

50. 

71 

DAi^ 

2 

7 

3 

50. 

7 

5 

100. 

72 

DAREA 

3 

6 

3 

100. 

73 

DAREA 

510 

6 

3 

74 

DELAY 

1 

6 

3 

.5555-2 

75 

DL0AD 

506 

1. 

1. 

5 

1. 

6 

76 

OL0AO 

507 

1. 

1. 

5 

1. 

7 

77 

DL0AO 

510 

2.0 

1.0 

5101 

1.0 

5102 

78 

OPHASE 

1 

6 

3 

79 

DPHASE 

5102 

6 

3 

80 

EI6R 

2 

INV 

40. 

3 

5 

♦EG 

81 

♦EG 

MASS 

82 

FREQ1 

508 

.0 

5.0 

40 

83 

6ENEL 

1101 

2 

1 

2 

3 

2 

5 

♦1 

84 

♦1 

3 

1 

3 

3 

3 

5 

♦2 

85 

♦2 

UO 

1 

1 

1 

3 

1 

5 

*30 

86 

*30 

2 

.89044935-8 

0. 

0. 

*31 

87 

*31 

.89044935-8 

0. 

0. 

3.08298-6 

*40 

88 

*40 

-2.31696-6 

0. 

7.7232005-6 

-2.31696-6 

*41 

89 

*41 

2.31696-6 

0. 

in 

2.31696-6 

•50 

90 

*50 

1.7808987-8 

0. 

24.714241-6 

*51 

91 

*51 

-9.26784-6 

4.6339203-6 

♦60 

92 

+60 

S 

1.0 

OtO 

0.0 

0.0 

1.0 

-2.0 

0.0 

♦70 

93 

♦70 

0.0 

1.0 

1.0 

0.0 

0.0 

1.0 

-4.0 

♦80 

94 

♦80 

0.0 

0.0 

1.0 

S5  ' 

6RDSET 

246 

96 

GRID 

1 

.0 

.0 

.0 

97 

GRID 

11 

20. 

.0 

.0 

98 

MAT1 

1 

10.4+6 

4. +6 

.2523-3 

99 

PARAH 

GRDPNT 

0 

100 

PARAH 

LMPDES 

4 

101 

PBAR 

1 

1 

21.189 

.083 

102 

RANOPS 

11 

1 

1 

.5 

11 

103 

RANDPS 

11 

1 

3 

.5 

11 

104 

RANDPS 

11 

2 

2 

11 

105 

RANOPS 

11 

3 

3 

.5 

11 

106 

RANOri 

11 

100 

.0 

.1 

107 

RLIA01 

101 

510 

5101 

108 

RL0AD1 

5102 

510 

5102 

5102 

109 

M.iAD2 

5 

2 

1 

110 

RLIA02 

6 

3 

1 

1 

2 

111 

RLIAD2 

7 

3 

1 

1 

112 

SPC 

1 

1 

13 

11 

13 

113 

SPC 

11 

1 

13 

11 

3 

114 

TAB0MP1 

11 

♦DAMP 

115 

♦DAMP 

0.0 

0.0 

50.0 

ENOT 

116 

TABLE01 

1 

♦TAUU 

117 

♦TAUU 

0.0 

1. 

100. 

1. 

ENOT 

118 

TABLE01 

2 

♦TA021 

119 

♦TA021 

0.0 

30. 

100. 

30. 

ENDT 

20 

TABLE01 

5101 

♦TA030 

21 

♦TA030 

0.0 

75.0 

1..0 

75.0 

ENDT 
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122 

TA8LED1 

5102 

123 

+TAD31 

0.0 

124 

TABRNDl 

11 

125 

+TR 

-1.0 

126 

♦TR2 

101.0 

127 

ENDDATA 
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50.0 

0.0 

0.0 


19.9.S.2  Notes  on  Data  Cards 


100. 

0.0 

ENOT 


50.0 

100.0 


ENOT 

100.0 


100.0 


100.0 


0.0 


10 


♦TAD31 

♦TR 

♦TR2 


3. 

5. 

7-9. 

11. 

14. 

15. 

16. 

17. 

18. 
19-26. 


27-29. 

30-32. 

33-35. 

37-40. 

42. 

43. 
46-47. 

48. 

49. 

51. 

52. 

54-SS 

56-58 


Checkpoint  Is  requested  to  be  taken. 

tpproach  for  Frequency  and  Random  Response  analysis  removing  the 
looping  and  mode  acceleration  computctlons.  -~»ins  «w 

* printout  of  the  mode  shapes  for  the  analysis  set  of  d1sBl*e^Mn»« 

sirinS  SuIiSm  fsitir"'" “• 

Specifies  a user  limit  In  NASTRAN  for  a maximum  of  50,000  lines  of  output. 

Selects  a set  of  single  point  constraints  from  Bulk  Data. 

fleets  the  method  to  be  used  for  real  eigenvalue  extraction  required  to  oet  the 
appropriate  modal  coordinate  data  for  this  medal  approach. 

analysis!^  frequencies  required  for  solution  of  the  frequency  response 

tfiTlM^fRANDTll  factors  (RANOPS)  and  autocorrelation  function 

nme  lag  (RANOTI)  from  Bulk  Data  required  for  the  random  response  analysis. 

sets  for  displacements,  accelerations,  loads  and  element  forces 
Note  that  the  loads  will  be  output  for  all  frequencies  at  each  arid  oolnt  iSARTpi 

the  results  of  the  Random  Response  analysis  are  part  of  the  XV  plot  output’^package. 
Defines  the  first  dynamic  load  to  be  analyzed. 

Defines  the  second  dynamic  load  to  be  analyzed. 

Defines  the  third  dynmnlc  load  to  be  analyzed. 

Requests  drawing  of  vertical  grid  lines  at  each  tic  mark. 

Requests  drawing  of  horizontal  grid  lines  at  each  tic  mark. 

Provides  axis  labeling  Information. 

Provides  label  to  Identify  curve  being  plotted. 

teS  »«r  wtr.l 

Provides  label  to  Identify  next  curve  to  be  plotted. 

gHd*po1nt^6!^*^  2-accelerat1on  power  spectral  density  function  for 

Requests  scalar  distribution  of  tic  marks  for  both  the  X and  Y axes. 

Provides  titling  Information  for  next  curve  to  be  plotted. 
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59.  Rcqutsts  both  plotted  and  printed  output  of  the  autocorrelation  function  for  the  z* 
displacement  at  grid  point  6. 

61*62.  Defines  beam  element  connectivities. 

63*68.  Defines  concentrated  mass  elements  In  double  precision  format. 

69-73.  Specified  dynamic  load  scale  factor  sets  and  the  points  of  application. 

74.  Provides  for  the  dynamic  load  time  delay  to  be  referenced  by  the  RLIAD2  (SID>7  In 
field  4)  card  number  111. 

75-77.  Specifies  the  dynamic  load  combinations  to  be  applied. 

78-79.  Provides  for  the  dynamic  load  phase  lead  to  be  referenced  In  field  5 of  the  RLIAD2 
and  RL0AD1  cards  125  and  123,  respectively. 

80-81.  Specified  parameters  for  real  eigenvalue  extraction. 

82.  Specified  frequency  range  and  Intervals  for  use  In  frequency  response  analysis 
(f|  * 0.0,  5.0,  10.0 200.0)  or  40  Increments. 

83-94.  Specifies  general  element  matrix  data  (TM  5.7). 

95-97.  Defines  grid  point  locations  and  default  single  point  constraints. 

98.  Defines  material  properties. 

99.  Requests  output  for  weight  and  balance. 

100.  Requests  the  four  fundamental  modes  to  be  used  as  modal  coordinates. 

101.  Beam  element  properties. 

102-105.  Specification  of  Input  power  spectral  density  function. 

106-111.  Frequency  response  dynamic  load  functions. 

112-113.  Single  point  constraint  sets  (set  11  was  selected). 

114-115.  Frequency  dependent  damping  coefficient  table  referenced  by  SOAMP  In  Case  Control. 

116-123.  Tabular  definition  of  frequency  dependent  load  coefficients  referenced  by  RL0AD1 
and  RL0AO2  cards. 

124-126.  Tabular  function  of  power  spectral  density  function  referenced  by  RANDPS  cards. 
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19.9.6  Algid  Fomat  9 - Direct  Transient  Analysis  with  Direct  Mitrlx  Input 

This  problem  demonstretes  the  capabll Ity  of  NASTAAN  to  perfon*  a transient  analysis  on  a 
system  having  nonsynmetrlc  stiffness,  damping,  and  mass  matrices.  The  problem  Is  formulated  with 
direct  matrix  Input  without  the  use  of  elements.  It  Illustrates  the  use  of  time  step  changes, 
selection  of  printout  Intervals,  application  of  loads.  Initial  conditions,  and  a simple  curve  plot 
package.  For  details  of  the  problem  formulation  and  the  results,  see  the  Demonstration  Problem 
Manual,  Section  9.1. 


19.9.6.1  Input  Cards  - Direct  Matrix  Input  and  XYPUT  Plotting 


Card 

No. 

0 NASTAAN  FILES  - PLT2 

1 ID  DEN901,  NASTAAN 

2 DIAS  14 

3 APP  DISPLACEMENT 

4 SfL  9,1 

5 TINE  5 

6 CEND 

7 TITLE  - TAANSIENT  ANALYSIS  WITH  DIRECT  MATRIX  INPUT 

8 SUBTITLE  - NASTAAN  DEM0NSTRATI0N  PR08LEM  N0.  9-1-1 

9 TSTEP  • 32 

10  IC  - 32 

11  DL0AD  - 32 

12  K2PP-KCIMP 

13  M2PP-MCIMP 

14  B2PP-BC0NP 

15  0UTPUT 

16  SVEL0  - ALL 

17  D1SP(S0AT2)  - ALL 

18  »L0AD(S0RT2)  « ALL 

19  PL0TID  « NASTAAN  DEM0NSTRATI0N  PR0BLEN  N0.  9-1-1 

20  0UTPUT(XY0UT) 

21  PL0TTER  SC 

22  CAMEAA  - 3 

23  SKIP  BETWEEN  FRAMES  - 1 

24  TCURVE  • * * * * EP0INT  OISPUCEMENT(  INCHES)  * * * • 

25  XTITLE  - TIME(SEC0NOS) 

26  $ 

27  YVALUE  PRINT  SKIP  - 1 

28  XOIVISI0NS  - 25 

29  XVALUE  PRINT  SKIP  - 1 

30  3*****«*******  FULL  frame  PL0TS  ****** 

31  YGAID  LINES  - YES 

32  Y6AI0  LINES  - YES 

33  YOIVISI0NS  - 22 

34  $ 
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Card 

No. 


35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 


YTITLE  “ EPDINT  10 
XYPL0T  OISP  / 10(T1 ) 

$ 

YDIVISI0NS  > 20 
YTITLE  • EPflNT  11 
XYPL0T  OISP  / 11(T1) 

$ 

YTITLE  « EPflNT  12 
XYPLDT  OISP  / 12(T1) 

YTITLE  - EP0INT  13 
XYPL0T  OISP  / 13(T1) 
BEGIN  BULK 


DISPLACEMENT  ‘INCH* 


DISPLACEMENT  *INCH* 


DISPUCEMENT  ‘INCH* 


DISPLACEMENT  ‘INCH* 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

48 

mm 

1 

10 

*1.5 

11 

"1 

-1.0 

49 

1 

12 

-13.5 

13 

36.0 

msm 

1 

10 

1.0 

11 

1.0 

51 

DELAY 

1 

12 

1.0 

13 

1.0 

52 

DHIG 

BCiWP 

0 

1 

1 

2 

53 

DMIG 

8C0MP 

11 

0 

10 

0 

-15.0 

♦BC1 

54 

+BC1 

11 

0 

12 

0 

-15.0 

55 

DMIG 

8C0MP 

12 

11 

0 

-24.0 

♦BC2 

56 

+BC2 

12 

0 

48.0 

13 

0 

-24.0 

57 

DMIG 

BC0MP 

13 

0 

12 

0 

-2.0 

♦BC3 

58 

4BC3 

13 

0 

4.0 

59 

DMIG 

KC0MP 

0 

1 

1 

2 

60 

DMIG 

10 

0 

10 

0 

2000. 

♦KCl 

61 

+KC1 

11 

0 

-1000. 

62 

DMIG 

12 

0 

11 

0 

-lOO.ft 

♦KC2 

63 

+KC2 

12 

0 

13 

0 

-100.0 

64 

DMIG 

KCfMP 

13 

0 

12 

0 

-20.0 

♦KC3 

65 

+KC3 

13 

C 

40.0 

66 

DMIG 

MCPMP 

0 

1 

1 

2 

67 

DMIG 

MCPMP 

10 

0 

10 

0 

20.0 

♦MCI 

68 

+MC1 

11 

0 

-10.0 

69 

DMIG 

MC0MP 

11 

0 

18 

0 

-1.5 

♦MC2 

70 

♦MC2 

11 

0 

3.0 

12 

0 

-1.5 

71 

DMIG 

MC0HP 

12 

0 

11 

0 

-4.0 

♦MC4 

72 

+MC4 

12 

0 

8,0 

13 

0 

-4.0 

73 

EF0INT 

10 

11 

12 

13 

74 

TABLE01 

1 

♦T1 

75 

+T1 

-1.0 

0.0 

0.0 

0.0 

.00 

I.O 

100.0 

1.0 

♦T2 

76 

♦T2 

ENOT 

77 

TIC 

32 

10 

0.0 

10.0 

78 

TIC 

32 

11 

.0 

.5 

79 

TIC 

32 

12 

.0 

.0 

mm 

TIC 

32 

13 

-10.0 

.0 

81 

TLPAD1 

32 

1 

1 

1 

82 

TSTEP 

32 

40 

.025 

2 

i 

♦SI 

83 

+S1 

.015 

5 

84 

ENDDATA 

19.9.6.2  Notes  on  Data  Cards: 


4.  Selects  the  direct  approach  to  Transient  Analysis. 

9.  Selects  the  Integration  time  steps  from  Bulk  Data  (TSTEP) 
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10. 

11. 

12-14. 

15-18. 


19-23. 

24-25. 

27. 

28. 
29. 

31-32. 

33. 

35. 

36. 
38-39. 

40. 

42. 

43. 
45-46. 
48-49. 
50-51. 
52-58. 
59-65. 
66-72. 

73. 

74-76. 

77-80. 

81. 

82-83. 


Selects  the  Initial  conditions  from  Bulk  Data  (TiC). 

Selects  the  dynamic  loading  function  from  Bulk  Data  (TL0AD1). 


Specifies  tiiC  direct  matrix  input  for  stiffness,  mass  and  damping  respectively. 

Specifies  output  requirements  for  all  degrees  of  freedom  in  the  model.  Notice  that 
^ause  one  output  quantity  specifies  SHRT2,  all  time  steps  for  each  degree  of 
freedom,  the  SVEL0CITY  request  will  default  also  to  S8RT2. 


Sets  up  for  plotting  with  the  XY«curve  plotter. 
Labeling  information. 


Plot  the  value  for  every  other  tic  mark  along  the  Y-axis. 
Provide  25  divisions  along  the  X-axis. 

Plot  the  value  for  every  other  tic  mark  along  the  X-axis. 
Plot  grid  lines  for  each  tic  mark  in  both  directions. 

Provide  22  divisions  along  the  Y-axis. 

Title  for  Y-axis. 

Requests  plot  of  displacement  for  extra  point  10  versus  time. 
Provide  20  divisions  and  new  title  for  Y-axis. 

Requests  plot  of  displacement  for  extra  point  11  versus  time. 
Use  same  20  divisions  and  new  title  for  Y-axis. 


Requests  plot  of  displacement  for  extra  point  12  versus  time. 

Repeat  42  and  43  for  plot  of  displacer  .nts  for  extra  point  13. 

Dynamic  load  factors  applied  to  extra  points. 

Delay  factors  for  each  extra  point  loading. 

Direct  matrix  input  at  extra  points  foi  dampiiig. 

Direct  matrix  input  at  extra  points  for  stiffness. 

Direct  matrix  input  at  extra  points  for  mass. 

Provides  Identification  for  extra  points  (single  degree  of  freedom  per  point). 

Table  of  dynamic  load  coefficients  versus  time  referenced  by  TL0AO1  card  (field  6). 
Specifies  time  dependent  loading  function. 

Specifies  time  dependent  loading  function. 

Specifies  two  sets  of  time  step  intervals  for  integration  of  the  transient  response 
and  user  specifies  output  interval. 


SPECIAL  NOTE:  ^ strsjctural  elements  were  used  in  this  problem.  All  degrees  of  freedom  were 
identified  with  separate  extra  points. 
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19.9.7  Rigid  Format  12  - Modal  Transient  Response  of  a B<am 


This  probleffl  demonstrates  the  transient  analysis  of  a free*bo<ly  using  the  Integration 
algorithm  for  uncoupled  modal  formulation.  A hundred»cell  beam  model  is  shown  below.  Modal 
damping  Is  Included  a function  of  natural  frequency.  The  omitted  coordinate  feature  was 
used  to  reduce  the  number  of  degrees  of  freedom  to  an  analysis  set  equivalent  to  eleven  grid 
points.  Both  structural  and  curve  plots  are  requested.  For  further  details  and  the  results, 
see  the  Demonstration  Problem  Manual.  Section  12.1 


pjOOl) 


19.9.7.1  Input  Cards  - Both  Structural  and  XYfWT  Plotting 


Card 

No. 


0 NASTRAM  FILES  • PLT2 

1 ID  DEMI 201,  NASTRAN 

3 APP  DISPLACEMENT 

4 SBL  12,3 

5 TIME  10 

6 CEND 

7 TITLE  • TRANSIENT  ANALYSIS  0F  A FREE  fNE  HUNDRED  CELL  BEAM 

8 SUBTITLE  » NASTRAN  DEMBNSTRAT10N  PROBLEM  N0.  12-1-1 

9 OL0AD  - 516 

10  SOAMP  - 15 

11  TSTEP  “516 

12  METH0O  - 2 

13  WTPUT 

14  SET  1 - 1,  26,  51,  75,  100 

15  SET  2 • 1.  26,  76 

16  DISPLACEMENT  • 2 

17  STRESS  “1  , 

18  PL8T10  • NASTR/W  DEMRNSTRATIfN  PROBLEM  NR.  12-1-1 

19  RUTPUT(PLRT) 

20  PLRHER  SC 
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Card 

Ho. 

21  SET  1 INCLUDE  BAR  EXCLUDE  GRID  P0INTS  1 THRU  9.11  THRU  20 

22  22  THRU  30.32  THRU  40.42  THRU  50.52  THRU  60.62  THRU  TO 

23  72  THRU  80.82  THRU  90.92  THRU  100 

24  MAXIMUM  DEF0RMATI0N  2.0 

25  STERE0  PR0JECTI0N 

26  FIND  SCALE.  0RI6IN  100.  VANTAGE  P0INT.  SET  1 

27  PL0T  SET  1.  0RIGIN  100.  SHAPE.  LABELS 

28  PL0T  TRANSIENT  DEF0RMATI0N  1.  TIME  .012.  0.013. 

29  MAXIMUM  OEF0RMATI0N  0.76,  SET  1.  0RI6IN  100.  SHAPE 

30  0RTH0GRAPHIC  PR0JECTION 

31  FIND  SCALE.  0RIGIN  1.  REGI0N  0.0.0.0.1 .0.0.5 

32  FIND  SCALE.  0RIGIN  2.  REGI0N  0.0.0.5.1 .0.1 .0 

33  PL0T  TRANSIENT  OEF0RMATI0N  1.  TIME  .012.  .016 

34  MAXIMUM  DEF0RMATI0N  1.0. 

35  SET1 . 0RIGIN  1 . SHAPE  . 

36  SET  1.  0RIGIN  2.  VECT0R  Z 

37  $ 

38  0UTPUT(XY0UT) 

39  PL0nER  SC 

40  CAWRA  « 3 

41  SKIP  BETWEEN  FRAMES  > 1 

42  YGRIO  LINES  * YES 

43  XGRIO  LINES  > YES 

44  YOIVISI0NS  > 10 

45  XDIVISI0NS  - 10 

46  XVALUE  PRINT  SKIP  = 1 

47  YVALUE  PRINT  SKIP  » 1 

48  XTITLE  » TIME  (SEC0NOS) 

49  YTITLE  - D I S P * INCH  * 

50  TCURVE  ■********GRID51  ********* 

51  XPL0T.XYPRINT.DISP  RESP  / 51  51  (T3) 

52  TCURVE  .********6RI0101******** 

53  XYPL0T.XYPRINT.DISP  RESP  / 101  (T3) 

54  YTITLE  - ACCELERATION 

55  TCURVE  ■*******6RID51********** 

56  YXPL0T.XYPRINT.ACCE  RESP  / 51  (T3) 

57  TCURVE  .****o**6Rl  01  01  ********* 

58  XVPL0T.XYPRINT.ACCE  RESP  / 101(T3) 

59  BEGIN  BULK 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

60 

BAR0R 

10.0 

.0 

100.0 

1 

61 

CBAR 

1 

17 

1 

2 

62 

CBAR 

100 

17 

100 

101 

63 

C0NM2 

20 

1 

10.0 

♦Ml 

64 

♦Ml 

1666.7 

65 

DAREA 

1 

101 

3 

100. 

66 

EIGR 

2 

INV 

.0 

1500. 

5 

6 

♦EG 

67 

♦EG 

HASS 

68 

GROSET 

1246 

69 

GRID 

1 

.00 

.00 

.00 

70 

GRID 

101 

20.00 

.00 

.00 

71 

MATl 

1 

10. 4^6 

4.^6 

.2523-3 

♦MAT’ 

72 

♦MAT1 

111.11 

11.111 

1 

73 

0MIT1 

53 

2 

3 

4 

5 

6 

7 

8 

♦100 

74 

♦201 

98 

99 

100  1 

75 

PARAM 

GROPNT 

0 

PARM4 

LNODES 
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77 

78 

79 

80 
81 
82 

83 

84 


1 

PBAR 

■i-PBAR 

SUPORT 

TABDMP1 

+T0I1 

TL0AD2 

TSTEP 

ENDOATA 


17 

1.111 

1 

15 

10.0 

516 

516 


-1.111 

3 

.01 

1 

104 


1. 

1 

100. 

.00139 


.083 

5 

.1 

1 


.083 


3000. 

.0 


.1 


ENOT 

60. 


JL 


♦Ton 


19.9.7.2  Notes  on  Data  Cards 


4. 


9-11. 


12. 

13-17. 

18-20. 

21-23. 

24. 


25. 


26. 


27. 


28. 


30. 

31. 


32. 

33-36. 


38-41. 

42-43. 

44-45. 

46-47. 

48-50. 

51. 

52-53. 

54-58. 

60-62. 

63-64. 


Selects  the  modal  approach  to  Transient  Analysis  without  looping  and  without  nodal 
acceleration  computations. 


Selects  dynamic  load  function,  frequency  dependent  equivalent  coefficlejrts  for  struc- 
tural damping  (TM  9.3.4)  and  Integration  time  step  Intervals  from  Bulk  Data. 


Selects  method  for  real  eigenvalue  extraction. 


Specifies  desired  output  for  displacements  and  element  stresses. 


Sets  up  for  structural  plotting. 

Defines  elements  and  grid  points  to  be  plotted. 


Specifies  the  maximum  deformation  to  be  plotted  on  a scale  of  2.0  relative  to  the 
Iwgth  of  the  beam  (I  - 20.0).  Note,  must  come  before  the  FIND  card. 

Requests  the  following  plots  be  In  stereo. 


Sets  up  plot  parameters. 


Plot  elanent  set  1 as  undeformed  structure. 

Plot  transient  deformations  In  the  time  range  from  0.012  to  0.013  withwt 
of  the  undeformed  model.  Note  that  only  one  subcase  Is  Implied  even  though  no  suMase 
delimiter  is  present.  Also,  the  maximum  deformation  will  be  plotted  to  76  percent 
of  originally  defined  scale  for  all  mode  shapes. 


Sets  up  now  for  orthographic  projection. 

Sets  parameters  for  a plot  on  the  lower  half  page. 
Sets  parameters  for  a plot  on  the  upper  half  page. 


Requests  two  plots  of  transient  response  within  the  time  range  of  0*012  to  0^0*6. 

The  deformed  shape  is  plotted  In  the  lower  half  of  the  plot  page  and  the  z -component 
vectors  are  plotted  In  the  upper  half  of  the  plot  page. 


Sets  up  for  XY  curve  plotting. 

Requests  plots  of  grid  lines  both  In  X and  Y directions. 

Specifies  ten  Intervals  In  both  X and  Y directions. 

Requests  values  be  plotted  for  every  other  ti'"  mark. 

Axes  and  curve  labeling  Informations. 

Requests  both  plotted  and  printed  output  of  the  2 -displacement  response  at  grid 
point  51. 

New  curve  title  and  same  output  request  for  grid  point  101. 

New  axis  and  curve  label  Information  and  a request  for  both  plotted  and  printed  output 
of  the  z-accel oration  response  at  grid  points  51  and  101. 

Beam  default  parameters  and  element  connectivities. 

Concentrated  mass  Irertlal  properties. 
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6$.  Qyn*>1c  lo«d  factor  and  point  of  application. 

66-67.  Spacifltd  paramattrs  for  roal  tigtnvaluo  extraction. 

68-70.  firldpoint  location  and  default  single  point  constraints. 

71-72.  Material  properties. 

73-74.  Specifies  degrees  of  freedom  to  be  omitted  by  Guyan  reduction. 

75-76.  Requests  weight  and  balance  output  and  specified  first  six  fundamental  modes  be  used 
as  modal  coordinates. 

77-78.  Beam  properties. 

79.  Provides  fictitious  components  for  computing  determinate  reactions  for  constraining 
free  body  acceleration. 

80-81.  Defines  frequency  dependent  coefficients  for  equivalent  structural  damping  to  be 
selected  from  Case  Control  (SOAMP). 

82.  Specifies  transi^snt  response  dynamic  load. 

83.  Specified  Integration  time  step  Intervals  and  the  interval  for  which  output  is 
generated. 
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20.1  INTRODUCTION 

Substructuring  Is  an  analytical  technique  used  to  facilitate  the  solution  of  structural  pro- 
blems by  subdividing  the  structural  models  Into  smaller,  more  manageable  components.  The  most 
elementary  component,  or  basic  substructure.  Is  modeled  separately  just  as  any  finite  element 
model  vrtHild  be.  These  basic  substructures  are  combined  to  build  more  complex  substructures  which. 

In  turn,  can  be  progresslbely  combined  with  other  substructures  In  stages  to  eventually  arrive  at 
the  final  desired  solution  model.  Once  the  solution  model  is  analyzed,  the  results  at  each  stage 
of  the  combination  process  may  be  recovered  until,  ultimately,  the  detailed  solution  data  are  re- 
covered for  each  of  the  original  basic  substructures.  In  effect,  substructuring  Is  an  extension 
of  basic  finite  clement  theory  Itself  whereby  the  usual  simple  beam,  plate,  and  solid  elements 
are  replaced  by  basic  substructures  which  themselves  may  be  viewed  as  components  of  even  mor« 
complex  substructure. 

To  provide  maximum  program  flexibility,  both  manual  and  automated  approaches  to  substructur- 
ing are  available.  The  manual  appioach  requires  user-generated  OMAP  alters  and  car  be  used  In  all 
Rigid  Formats  except  Piecewise  Linear  Analysis.  The  procedures  for  single-stage  manual  sub- 
structuring are  discussed  and  Illustrated  with  a complete  and  fully  annotated  example  of  the  input 
in  Section  1.10  of  the  User's  Manual. 

The  following  discussion  is  concerned  entirely  with  automated  multi-stage  substructuring, 
which  provides  the  following  features: 

1.  Simple  commands  to  control  execution  and  data  recovery  at  all  stages  of  analysis. 

2.  Automatically  generated  DMAP  alters. 

3.  Automated  procedures  to  control  and  maintain  the  extensive  data  files  required. 

4.  Data  storage  on  single  direct  access  file. 

5.  Data  transfer  between  IBM,  CDC,  or  UNIVAC  computers  at  any  stage  in  the  analysis. 

6.  No  restrictions  on  grid  point  and  element  numbering. 

7.  Modeling  only  one  of  two  dr  more  Identical  substructure  components. 

8.  Substructure  reduction  to  model  coordinates  (modal  synthesis). 

To  effectively  employ  this  automated  substructuring  capability  of  NASTRAN  for  static  and  dy- 
namic analyses,  the  user  should  gain  an  overall  understanding  of  the  basic  program  design  concepts, 
the  data  base  on  which  It  operates,  and  the  control  functions  provided.  These  topics  are  dis- 
cussed In  the  sections  which  follow. 
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COMp1«tt  txMpIts  of  substructuring  or^lysls  with  listings  and  txplanatlons  of  Input  dot* 
cards  art  Includad  In  Sactlon  20.19.  Tbt  now  user  would  benefit  greatly  by  executing  these 
exaaples  as  a first  test  of  the  autoMted  substructuring  system. 

A complete  description  of  all  aspects  of  automated  substructuring  Is  presented  In  the 
User's  NmmmI.  Section  1.10.2.  In  that  section,  many  details  of  using  the  SpF,  Interpreting 
substructuring  diagnostic  printout,  etc.,  are  presented  and  thus  not  presented  here  In  the 
User's  Uulde.  A detailed  description  of  the  substructuring  control  cards  and  a sunmry  of 
pertinent  bulk  data  cards  1$  provided  In  Section  2.7  of  the  User's  Nanual.  A detailed  descrlp* 
tion  of  each  of  these  bulk  data  cards  Is  Included  alphabetically  along  with  all  other  bulk 
data  cards  In  the  User's  Nanual.  Section  2.4.  The  basic  theory  of  automated  substructuring 
Is  presented  In  Section  4.6  of  the  Theoretical  Nanual.  The  special  transformations  for  nodal 
synthesis  are  developed  In  Section  18  of  the  Theoretical  Nanual. 

It  should  be  noted  that  cyclic  symmetry  Is  available  as  an  alternate  formulation  fOr  sub* 
structuring  structures  with  rotational  or  dihedral  symmetry.  This  capability  Is  described  In 
the  User's  Guide.  Section  23. 
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20.2  BASIC  CONCEPTS 

kltOMUd  wbstrvicturlns  .Miysis  Is  ...lUbl.  for  ost  »lth  NASTKAII  BIjId  FonMts  1.  2.  3.  8. 
,od  9.  Ibis  providts  cpablllty  for  static  analysis,  sutic  analysis  .1th  martial  rtllaf  for 
onsopportad  strocturas.  nonnal  iKKlas.  fraooancy  rasponsa.  and  transient  rasponsa  analyses.  Iha 
capability  allow  an  onllaltad  noaber  of  sobstrgctores  to  be  conblnad  and/or  r«locad  In  any  sa- 
ooanca  desired.  Each  sobstrocture  Is  represented  by  Its  «ass,  stiffness,  and  danpinp  Mtricas. 

A radoctlon  In  site  or  condensation  of  these  wtrices  Is  acco»ptlshad  osIn,  the  Suyan  reduction 
technique  or  reduction  to  normal  or  complex  modal  coordinates. 

Although  the  NASTRAN  substructuring  system  may  be  very  effectively  used  for  small  and  moderate 
site  problems,  several  features  wre  desisned  and  Implemented  to  accormodata  .ary  large  problems. 
The  sBSt  Important  of  these  features  Is  the  automated  data  base  management  system  used  to  maintain 
the  Substructure  Jperatlng  File  (S8F)  on  .hlch  all  pertinent  matrix  and  substructural  loading  data 
and  associated  control  files  are  stored.  This  S8F  carries  all  the  Infomnatlon  needed  from  run  to 
run  throughout  a substructuring  analysis. 

Processing  of  a substructuring  analysis  is  subdivided  into  three  phases; 

Phase  1:  Initial  generation  of  individual  basic  matrices. 

Phase  2:  Substructure  matrix  reduction  and  assembly,  solution  of  the  assembled 

substructure,  and  recovery  of  substructure  displacements  and  reaction  forces. 

Phase  3:  Completion  of  the  analysis  with  conventional  selective  output  for  each 

individual  basic  substructure. 

A NASTRAN  substructuring  run  generally  proceeds  in  the  following  manner;  First,  several 
separate  Phase  1 executions  are  performed,  one  for  each  basic  substructure.  Second,  one  or 
more  Phase  2 executions  may  be  performed.  In  a Phase  2 run.  any  number  of  substructure 
reductions  and/or  continations.  resulting  in  higher  level  (more  complex)  pseudostructures, 
may  be  performed.  Phase  2 processing  may  be  halted  at  any  stage  of  the  model  assembly  and 
then  continued  in  a subsequent  Phase  2 execution.  The  results  at  each  step  in  the  operation 
are  stored  in  the  SBF  so  as  to  be  available  for  subsequent  execution.  The  final  steps  of  a 
Phase  2 operation  would  be  the  solution  step  for  the  highest  level  structure  and  the  data 
recovery  steps  with  limited  output  capability  (displacements,  forces  of  constraint,  modal 
energies,  and  applied  loads  only)  for  any  lower  level  substructure.  Complete  and  detailed 
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data  recovery  for  the  basic  substructures  must  be  obtained  by  separate  Phase  3 executions,  one 
for  each  basic  substructure.  This  level  of  data  recovery  may  include  any  or  all  of  the  NASTRAN 
output  normal  for  a non-substructure  analysis. 

All  Phase  2 operations  except  the  solution  step  may  also  be  performed  in  a Phase  1 execution. 
However,  the  user  must  remember  that  the  first  step  of  a Phase  1 execution  must  involve  the 
creation  of  a new  basic  substructure. 


Automated  substructuring  allows  each  basic  substructure  to  be  defined  independently.  This 
concept  is  represented  by  three  key  features  of  the  system. 

1.  There  are  no  restrictions  as  to  duplication  of  grid  point  or  element  identification 
numbers,  load  sets,  individual  coordinate  systems,  etc.  All  .data  for  a given  sub- 
structure is  associated  with  an  assigned  unique  name  for  that  structure.  The  only 
data  restriction  is  one  of  proper  modeling,  i.e  , common  boundaries  require  grid 
points  to  be  located  in  a consistent  manner  relative  to  one  another  for  each  con- 
necting substructure. 

2.  No  substructure  may  appear  as  a component  of  another  substt  than 

and  no  degrees  of  freedom  within  a substructure  may  be  connected  ^combined")  to 
other  degrees  of  freedom  in  that  same  substructure  except  by  multipoint  constraints 
imposed  at  the  solution  step  operation  or  in  Phase  1 creation  of  the  substructure, 

3.  All  pertinent  substructure  data  are  stored  on  the  S0F,  an  expandable  direct  access 
file.  This  file  may  be  selectively  edited  and/or  dumped  to  tape  and  transmitted  to 
another  user  who  may  have  need  of  the  data.  Provision  Is  made  for  automated  tape 
conversion  among  CDC,  IBM,  and  UNIVAC  computers  to  facilitate  such  data  transmittal 
between  different  users.  Use  of  this  file  is  described  in  Section  1.10.2  of  the  User's 
Manual . 

Control  of  the  automated  substructuring  system  is  obtained  through  the  use  of  linguistic 
commands,  similar  to  those  of  Case  Control.  These  commands  are  placed  in  the  Substructure 
Control  Deck  shoVn  in  Figure  1.  This  Suh^'t’^ucture  Control  Deck  Is  '-nput  betw»^en  the  Executive 
Control  and  Case  Control  Decks. 

Each  substructure  conrrol  command  is  vj^omatical 1 y translated  into  appropriate  DMAP  ALTFP 
cards  to  augment  the  requested  Rigid  Format  sequence.  The  user  may  also  Include  his  own  OflAP  ’ -r 
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AlIER  CMmrdi,  or  W m.,  modify  . provloooly  dofioM  0IUI>  se,umco.  A doscrlptiom  of  Ik.  thd 
»s.r  «,  i„„r,.„  .UP  uu  «ASIIiAI|.*o,r.ttd  soPotroctprIop  DHAP  Is  proswtl  I.  Soction  2.7.2 
of  tho  Usor's  M0OU.1.  ustin,!  of  tl.0  OWP  AlTER's  soo.r.tod  by  o.ch  s.bstroctoro  co.MOd  or. 
prosootod  In  Soction  5.9  of  the  Usor's  Mooool.  Doscrlptioos  of  the  correspoodin,  modules  pro- 
vided  for  substructuring  are  found  in  the  NASTRAN  Prograitmer ' s Manual. 
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20.3  SUMMARY  OF  OPERATIONAL  COMMANDS 

Us«r  control  of  the  automated  muUi-stage  substructuring  system  is  obtained  via  the  Substruc- 
ture Control  Deck  commands.  The  key  terms  used  to  describe  these  commands  and  their  functions  are 
defined  in  Table  1.  A summary  of  the  substructuring  command  options  is  presented  in  Table  2.  Some 
of  these  commands  require  specific  bulk  data  cards  which  are  listed  for  each  reference  in  Table  3. 
The  user  should  also  refer  to  Section  2.7  of  the  User's  Manual  for  a complete  description  of  the 
Substructure  Control  Deck  commands  and  to  Section  2.3  for  detailed  descriptions  of  the  correspond- 
ing bulk  data  cards. 

20.3.1  The  Substructure  Analysis  Tree 

The  operation  and  control  functions  of  automated  substructuring  analysis  are  best  illustrated 
and  explained  using  the  "tree"  structure  presented  in  Figure  1.  This  figure  defines  the  geneology 
of  all  the  component  substructures  used  in  building  the  final  model.  Basic  substructures  are 
created  at  the  Phase  1 level.  Substructures  "A."  “B,"  and  "E"  are  shown  in  solid  boxes  indicating 
they  were  formed  from  actual  data  deck  submittals  and  are  physically  different  models.  The  dotted 
boxes  are  called  "image"  substructures  and  are  the  result  of  the  EQUIVALENCE  operation,  described 


20.3.2  Eoui valence  Operation 

To  reduce  the  potential  for  input  error  and  to  simplify  the  bookkeeping  tasks,  all  specific 
references  to  loadings  and  grid  points  for  connections,  boundary  sets,  constraints,  etc.,  are 
made  with  respect  to  the  basic  substructure  name  only.  No  component  substructure  name  may  be 
used  more  than  once  while  building  the  solution  structu.-e.  If  the  same  component  substructure 
is  to  be  used  more  than  once,  the  EQUIVALENCE  operations  should  be  used  to  assigne  unique  names 
to  all  substructures  comprising  that  component.  The  dotted  boxes  in  Figure  1 are  called  image 
substructures  and  are  the  result  of  an  EQUIVALENCE  operation  rather  than  an  actual  Phase  1 data 
deck  submittal.  The  EQUIVALENCE  operation  defines  a new  substructure  which  is  a duplicate  of 
an  existing  substructure  and  automatically  creates  all  equivalent  lower  level  component  sub- 


structures. The  te'^  "lower  level"  refers  to  the 


ex  of  the  component  substructures 


which  are  used  to  ere  a higher  level,  or  more  complex  substructure.  Thus,  space  is  saved 
on  tN  data  files  by  eliminating  storage  of  redundant  matrix  data.  A four-bladed  propeller, 
example,  could  be  seen  to  consist  of  four  identical  coaq>onents  and,  hence,  only  one  need 
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bt  txpllcitly  Modtled.  The  other  three  blades  could  be  defined  solely  by  using  the  EQUIVA- 
LENCE coMand. 

The  laage  substructures  exist  In  name  only.  Note  In  Figure  1 that  the  names  of  the  Image 
structures  are  Identical  to  the  equivalent  parent  structure,  with  the  exception  of  a prefix 
character.  The  new  names  would  be  created  automatically  by  NASTRAN  with  the  use  of  the  PREFIX 
subcoaeNnd  to  EQUIVALENCE.  These  new  prefixed  names  would  then  be  used  to  reference  the  approO 
priats  component  substructure  as  If  It  were  created  Independently. 

From  the  user  point  of  view,  all,  substructures  shown  In  Figure  1,  with  either  solid  or 
dotted  boxes,  are  separate  and  distinct  substructures.  They  may  have  different  applied  loads, 
boundary  conditions,  and  responses.  For  example,  though  only  A,  B and  E represent  actual  Phase  1 
executions.  Phase  3 data  recovery  executions  may  be  made  for  A,  B,  E,  XA,  XB,  YA,  YB,  YXA,  YXB, 
and  YE,  each  of  which  generally  would  have  different  results. 

Substructure  names  are  allowed  no  more  than  eight  alphanumeric  characters.  Notice  In  the 
EQUIVALENCE  operation  shown  In  Figure  1,  the  required  subconmand  PREFIX  generates  an  additional 
character  which  Is  placed  ahead  of  the  existing  name  as  a prefix  to  the  parent  substructure 
name.  Care  must  be  taken  with  successive  EQUIV  operations  to  monitor  the  growth  of  Image  sub- 
structrue  names  so  as  not  to  exceed  the  eight -character  limit.  If  the  limit  Is  exceeded,  the 
right -most  character  will  be  truncated.  Therefore,  It  Is  possible  to  Inadvertently  create 
duplicate  substructure  names  as  more  prefixes  are  added.  It  Is  recommended,  therefore,  that 
the  entire  tree  structure  for  the  analysis  be  prepared  ahead  of  time  to  help  avoid  these  problems. 

This  preplanning  will  also  be  an  Invaluable  aid  to  the  task  of  data  preparation  and  proper 
sequencing  of  the  Individual  steps  In  the  analysis. 
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20.3.3  Combi n*  Operation 

Th«  CBWINE  conwand  (see  Table  2)  with  Its  numerous  subcommands,  offers  flexibility  1«  the 
assembly  of  substructures  Into  a higher  level  substructure.  The  COMBINE  capability  allows  c;*- 
ponent  substructures  to  be  translated,  rotated,  and/or  symmetrically  transformed  via  mirror  ImaRt 
transformation  for  proper  positioning  In  space. 

For  exan^)le,  the  right  wing  of  an  aircraft  Is  first  modeled  and  an  EQUIVALENCE  operation  1$ 
performed  to  define  an  identical  duplicate  wing.  Then,  In  the  COMBINE  operation,  a SYMTRANSFBRM 
Is  applied  so  that  the  wing  now  appear  as  the  actual  left  w1ng  (a  mirror  Image  of  the  right  wing), 
and  a TRANSFORM  1s  applied  to  properly  position  It  on  the  left  side  of  the  aircraft.  Caution  Is 
advised  in  that  the  symmetry  transformation  (SYMTRAN)  is  always  applied  to  the  component  in  Its 
own  basic  coordinate  system  before  the  usual  translation  and  rotation  (TRANS)  for  final  position- 
ing. The  mathematical  implications  of  these  commands  are  discussed  In  Section  4.6  of  the  Theo- 
retical Manual . 

Substructures  which  may  change  due  to  design  Iterations  should  be  combined  with  other  struc- 
tures as  late  In  the  sequence  of  C0MBINE  operations  as  possible.  This  will  minimize  the  cost  of 
creating  a new  solution  structure.  Also,  If  the  design  iteration  changes  are  minor  and  their 
impact  on  other  substructures  In  the  model  can  be  neglected,  then  REC0VER  operations  (described 
later)  need  be  performed  only  from  the  lowest  level  of  substructure  affected  by  the  changes. 
Frequently,  these  design  changes  can  be  evaluated  using  only  the  Phase  3 recovery  calculation. 

Of  course,  care  must  be  taken  to  maintain  compatibility  with  the  degree  of  freedom  list  defining 
the  solution  displacement  vector.  That  Is,  the  boundary  grid  points  and  connections  should  not 
be  changed. 

Careful  ordering  of  the  list  of  substructure  names  for  any  C0MBINE  commend  is  advised  for 
the  purposes  of  controlling  the  bandwidth  of  the  resulting  matrices.  For  example,  the  comiwnds 

C0MBINE  A,  B,  C,  D 
NAME  - ABCD 

yield  substructure  ABCD  with  matrix  row  and  column  sequences  defined  by: 

A INTERIOR 

AB  BOUNDARY 


I 
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c 

INTERIOR 

AC 

BOUNDARY 

6C 

BOUNDARY 

ABC 

BOUNDARY 

C 

INTERIOR 

etc. 

Thus,  control  of  matrix  bandwidth  is  possible  with  the  COMBINE  command  just  as  it  is  at  the  com- 
ponent level  with  grid  point  sequencing. 

Another  factor  to  consider  in  ordering  the  substructure  names  in  the  COMBINE  command  is  the 
sum  of  matrix  multiply  times  required  for  execution.  To  minimize  the  time  required  for  the  C0M6INE 
matrix  multiply  operations  the  list  of  substructures,  A,  B,  C,  etc.,  should  be  smallest  model  to 
largest  model  (using  matrix  size  as  the  criterion). 


20.3.4  Reduce  Operation 

The  REDUCE  command  causes  a Guyan  reduction  to  be  performed  on  an  existing  substructure. 

The  user  specifies  which  degrees  of  freedom  are  to  be  retained  using  the  BDYC  and  BOYS  (or  8DYS1) 
bulk  data  cards  provided.  The  degrees  of  freedom  retained  are  all  called  boundary  degrees  of 

freedom  although  they  need  not  ever  appear  on  the  boundary  with  another  substructure.  Obviously, 

all  degrees  of  freedom  eventually  needed  for  boundary  connections  must  be  retained,  i.e.,  they 
must  not  be  reduced  out.  However,  care  must  be  taken  to  retain  in  this  boundary  set  all  the 
appropriate  degrees  of  freedom  needed  to  represent  the  dominant  displacement  patterns  for  accurate 
calculation  of  eigenvalues  and  eigenvectors  for  normal  modes  analyses. 

20.3.5  MREDUCE  or  CREDUCE  Operation 

The  MREDUCE  and  CRFOUCE  commands  provide  a modal  synthesis  capability  to  automated  multi- 
stage substructuring.  With  these  commands  the  user  defines  boundary  degrees  of  freedom  to  identify 
degrees  of  freedom  retained  as  physical  coordinates.  The  remaining  degrees  of  freedom  are  re- 
placed by  a smaller  set  of  normal  (MREDUCE)  or  complex  (CREDUCE)  generalized  modal  coordinates. 
MREDUCE  may  be  used  when  real  symmetric  mass  and  stiffness  matrices  are  used  to  define  the  model. 

CREDUCE  provides  a general  model  reduction  capability  when  damped  modes  are  desired  or  complex 

or  unsymmetric  matrices  are  present. 
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Tho  user  may  also  define  constraints  for  the  structure  to  be  applied  only  for  the  purpose 
of  calcinating  the  inodes.  BOYC  and  BDYS  (or  BDYSl)  bulk  data  cards  are  used  to  define  these 
degrees  of  freedom  and  are  reguested  by  the  subcomnand  FIXED. 

Note  that  for  both  the  REDUCE  and  MREOUCE  substructure  coimiands,  the  damping  matrices,  B 
and  K4,  ?nd  the  load  vectors,  P,  are  transformed  to  the  reduced  set  of  coordinates.  The  re- 
duced substructures  may  be  processed  with  any  of  the  other  substructure  operations.  However, 
substructures  generated  with  the  complex  modal  reduction,  CREDUCE,  may  not  be  processed  with 
any  conrands  requiring  real  arithmetic,  namely  REDUCE,  MREDUCE,  or  S0LVE  with  Rigid  Formats 

1.  2,  ^ or  9. 

20.3.6  ''.olve  Operation 

As  Tiany  EQUIVALENCE.  COMBINE,  REDUCE.  MREDUCE.  or  CREDUCE  cownands  as  desired  may  be  used 
in  one  -r  .ore  Phase  1 or  Phase  2 executions.  However,  only  one  S0LVE  command  is  allowed  In 
any  sinule  Phase  2 execution,  and  the  S0LVE  coimnand  Is  not  allowed  in  Phase  1 executions.  As 
indicated  in  the  definitions  of  Table  1.  the  SBLVE  command  requests  a solution  for  structural 
responso  to  applied  static  loads  (Rigid  Formats  1 and  2).  the  calculation  of  normal  modes 
(Rigid  Format  3),  or  structural  response  to  frequency  dependent  or  time  loads  (Rigid  Formats 
8 and  9)  of  the  substructure  named  In  the  command. 

20.3.7  F-ocover  Operations 

The  REC0VER  coimnand  Is  used  to  recover  the  solution  data  for  successively  lower  level 
substrui ’iiros.  Only  the  displacements,  forces  of  constraint,  modal  energies,  and  applied  loads 
can  be  selectively  output  for  any  component  substructure  with  this  coimnand.  The  BRECBVER 
coimnand  - then  used  in  a Phase  3 execution  to  obUin  all  the  detail  response  output  normally 
provided  ny  NASTRAN  for  each  desired  basic  substructure.  The  conmand,  MRECBVER,  Is  used  to 
p^^Qver  H'lde  shape  data  for  modal  reduced  substructures. 

20.3.3  '1 et  Operations 

Capability  for  creating  structural  model  plots  Is  provided  In  substructuring  In  either 
Phase  1,  or  3.  Undeformed  plots  may  be  developed  In  Phase  1 or  2,  and  deformed  structural 
plots  o'  individual  substructures  may  be  generated  In  Phase  3.  XY  response  plots  may  be 
generat  ' in  oithcr  Phase  2 or  3. 
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Phase  I plotting  may  be  performed  In  two  ways.  First,  all  structural  plot  requests  In  the 
rase  Control  Deck  will  be  executed  for  the  basic  substructure  model  data  submitted.  Second, 
any  Substructure  Control  Deck  commands  of  the  form 

PLOT  name 

will  cause  all  Case  Control  Deck  plot  requests  to  be  executed  for  the  named  substructure.  Plot 
executed  for  the  named  substructure.  Plot  data  are  generated  In  this  case  only  If  the  SAVEPLOT 
- N coitmand  was  used  1n  the  Phase  1 executions  for  those  basic  substructures  which  form  the  named 
substructure.  The  SAVEPL0T  = N command  causes  plot  set  N to  be  saved  for  that  substructure. 

Note,  only  one  plot  set  may  be  saved  for  any  substructure. 

Dndeformed  structural  plots  are  generated  in  Phase  2 under  the  following  conditions: 

1.  The  SAVEPL0T  conwand  was  used  in  the  Ptuse  1 runs  and  plot  sets  v/ere  defined  In  the 
Case  Control  Deck  for  those  runs. 

2.  ihe  Pi.pi  ronmarid  is  used  In  the  Phase  ? Substructure  Control  Oick. 

3.  Cdit  untryi  Deck  cards  for  Structural  plots  are  present. 

\i  response  plots  may  be  generated  In  Phase  2 under  the  following  conditions: 

1 ine  Phase  2 run  must  .nclude  a RECOVER  operation  (normally  follows  a SPLVE  command). 

2.  Tr:e  Rigid  f.rf.iat  rust  be  either  8 or  9 

3.  The  Case  Control  Deck  XY  plot  requests  must  reference  only  the  scalar  degrees  of 

freedom  associated  with  the  SPLVEd  structure. 

Structural  plots  and  XY  plots  are  generated  In  Phase  3 runs  using  Case  Con.rol  Deck 
cards  In  the  same  way  as  for  non-substructuring  analyses.  All  output  requested  with  these 
Case  Control  Deck  cards  Is  associated  with  the  particular  substructure  Involved  in  the  Phase  3 
run.  No  Substructure  Control  Deck  PLPT  coutnands  are  used  in  Phase  3. 

Examples  of  plotting  with  substructure  analysis  are  presented  in  Section  20.4  following. 


SliBSTRUCTURINC  AND  K)OAL  SYNT«SIS 
T«b)«  1.  Definitions  of  Substructure  Terminology 


Basic  Substructure 
Boundary  Set 
Combine  Operation 


Component  Substructure 
Connection  Set 
Equivalence  Operation 

Image  Substructure 


- A structure  formulated  from  finite  elements  In  Phase  I. 


- Set  of  degrees  of  freedom  to  be  retained  In  a reduce  operation. 

- Merge  two  or  more  structures  by  connecting  related  degrees  of  freedom. 
The  matrix  elements  for  connected  degrees  of  freedom  are  added  to  pro- 
duce the  combined  structure  matrices,  and  the  substroctui^ 

vectors  are  processed  and  stored  for  subsequent  combination  et  solution 

time. 


- Any  basic  or  pseudostructure  comprising  a part  of  en  assembled  sub- 
structure. 


Set  of  grid  points  and  their  component  degrees  of  freedom  to  be  con- 
nected In  adjoining  structures. 


. The  creation  of  a secondary  substru'-ture  equivalent  to  a priwry 
substructure.  Also  creates  Image  substructures  back  to  the  basic 
substructure  level . 


- A substructure  equivalent  to  an  existing  cotwponent  substructui^.  May 
have  different  .ippHed  loads  and/or  solution  vectors  but  had  Identical 
stiffness  t^nd  niv'^ss  matrices.  luwiQe  substructures  are  autometicelly 
created  as  a result  of  an  equivalence  operation. 


Phase  (1*  c,  or  3) 

Primary  Substructure 

Pseudostrut ture 
Reduce  Operation 

Secondary  Substructure 
S»F 

Solution  Structure 
Solve  Operation 


. Basic  steps  required  for  multi-stage  substructure  processing  with 
NASIRAN  - cre.illon,  cotnblnatlo.i,  reduction,  solution  and  recovery, 
and  data  recovery. 

- Any  basic  substructure  or  any  substructure  resulting  fr«^  a combine 
or  reduce  operation. 

- A combination  of  component  substructures. 

- Structural  matrix  and  load  vector  Guyan  or  modal  reduction  process 
to  obtain  smaller  matrices. 

- A substructure  created  from  an  equivalence  operation. 

- Substructure  Operatinq  Mle.  Contains  all  data  necessary  to  define 
a structure  at  any  stsKif*  including  solutions. 

- The  resulting  substructure  to  be  used  in  the  solve  operation. 

. To  obtain  solutions  using  the  present  structural  matrices  and  user- 
defined  input  data. 


1 


I 


20. 3-8 


SUMMARY  OF  OPERATIONAL  COMMANDS 
Table  2.  Sumnary  of  Substructure  Conrsnds 


A.  and  Mode  Control 


I SUBSTRUCTURE 
NAME* 

SAVEPL0T 

IPT10NS 

RUN 

I ENDSUBS 
B.  S0F  Controls 

« SI  F 

PASSWORD* 
SfFfUT  or  SIFIN 
PfSITIBN 
NAMES 
ITEMS 
SfFPRINT 
DUMP 
RESTORE 
CHECK 
DELETE 
EDIT 
DESTROY 


. Defines  execution  phase  (li  2,  or  3) 

- Specifies  Phase  1 or  Phase  3 substructure  name  (not  used  In  Phase  2) 
. R^uests  plot  data  be  saved  In  Phase  1 

- Defines  matrix  options  (K,  B,  K4,  M,  P,  or  PA) 

- Limits  mode  of  execution  (DRY,  GO,  DRYGO.  STEP) 

- Terminates  Substructure  Control  Deck 


- Assigns  physical  file  for  storage  of  the  SO? 

- Protects  and  ensures  access  to  correct  file 

- Copies  SOF  data  to  or  from  an  external  file 

- Specifies  Initial  position  of  Input  file 

- Specifies  substructure  name  used  for  input 

- Specifies  data  items  to  be  copied  In  or  out 

- Prints  selected  Items  from  the  SOF 

- Dumps  entire  SOF  to  a backup  file 

- Restores  entire  SOF  from  a previous  DUMP  operation 

- Checks  contents  of  external  file  created  by  SOFOUT 

- Deletes  out  selected  groups  of  items  from  the  SOF 

- Edits  out  selected  groups  of  items  from  the  SOF 

- Destroys  alj_  data  for  a named  substructure  and  all  the  substructuref 
Mhich  It  Is  a component 


C. 


Substructure  Operations 


COMBINE 

NAME* 

TOLERANCE* 

CONNECT 

OUTPUT 

COMPONENT 

TRANSFORM 

SYMTRANSFORM 

SEARCH 

EQUIV 

PREFIX* 


- Combines  sets  of  substructures 

- Names  the  resulting  substructure  * 

- Limits  distance  betvteen  automatically  connected  grids 

- Defines  sets  for  manually  connected  grids  and  releases 

- Specifies  optional  output  results 

- Identifies  component  substructure  for  special  processing 

- Defines  transformations  for  named  component  substructures 

- Specifies  syimnetry  transformation 

- Limits  search  for  automatic  connects 

• Creates  a new  equivalent  substructure 

• Prefix  to  rename  equivalenced  lower  level  substructures 


f Mandatory  Control  Cards 


* Required  Subcomnand 
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SUBSTRUCTURING  AND  MODAL  SYNTHESIS 
Table  2.  Sumnary  of  Substructure  Cornnands  (continued) 


C . Substructure  Operations  (continued! 


REDUCE 

NAME* 

BOUNDARY* 

RSAVE 

0UTPUT 

MREDUCE 

NAME* 

BOUNDARY* 

FIXED 

RNAME 

RGRID 

METH0D 

RANGE 

NMAX 

0LDM0DES 

0LD60UNO 

USEM0OES 

0UTPUT 

RSAVE 

CREOUCE 

NAME* 

BOUNDARY* 

FIXED 

METH0O 

RANGE 

NMAX 

0LDM0DES 

GPARAM 

0UTPUT 

RSAVE 


- Reduces  substructure  matrices 

- Names  the  resulting  substructure 

- Defines  set  of  retained  degrees  of  freedom 

- Indicates  the  decomposition  product  of  the  Interior  point  stiffness 
matrix  is  to  be  saved  on  the  S0F 

- Specifies  optional  output  requests 

- Reduces  substructure  matrices  using  a normal  modes  transformation 

« Names  the  resulting  substructure 

- Defines  set  of  retained  degrees  of  freedom 

- Defines  set  of  constrained  degrees  of  freedom  for  modes  calculation 

- Specifies  basic  substructure  to  define  reference  point  for  inertia 
relief  shapes 

Specifies  grid  point  in  the  basic  substructure  to  define  reference 
point  for  inertia  relief  shapes.  Defaults  to  origin  of  basic  sub- 
structure coordinate  system 

- Identifies  lEGR  Bulk  Data  card 

- Identifies  frequency  range  for  retained  modal  coordinates 

- Identifies  number  of  lowest  frequency  modes  for  retained  modal 
coordinates 

• Flag  to  identify  rerunning  problem  with  previously  computed  modal  data 

- Flag  to  identify  rerunning  problem  with  previously  defined  boundary  set 

- Flag  to  indicate  modal  data  have  been  input  on  bulk  data 

- Specifies  optional  output  requests 

- Indicates  the  decomposition  product  of  the  interior  point  stiffness 
matrix  is  to  be  stored  on  the  S0F 

- Reduces  substructure  matrices  using  a complex  modes  transformation 

- Name^  the  resulting  substructure 

- Defines  set  of  retained  degrees  of  freedom 

- Defines  set  of  constrained  degrees  of  freedom  for  modes  calculation 

- Identifies  EIGC  Bulk  Data  card 

- Identifier  frequency  range  of  imaginary  part  of  the  root  for  retained 
modal  coordinates 

- Identifies  number  of  lowest  frequency  modes  for  retained  modal 
coordinates 

- Flag  to  identify  rerunning  problem  with  previously  computed  modal  data 

- Specifies  structural  damping  parameter 

- Specifies  optional  output  requests 

- Indicates  the  decomposition  product  of  the  interior  point  stiffness 
matrix  is  to  be  stored  on  the  S0F 


* Required  Subcownand 
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SUMHARV  OF  OPERATIONAL  COMMANDS 
Table  2.  Sunnary  of  Substructure  Comnands  (continued) 


Substructure  Operations  (continued) 


MRECfVER 

SAVE 

PRINT 

SOLVE 

RECOVER 

SAVE 

PRINT 

BRECOVER 

PLOT 


- Recovers  node  shape  data  from  an  MREDUCE  or  CREDUCE  operation 

- Stores  modal  data  on  SOF 

• Stores  modal  data  and  prints  data  requested 

- Initiates  substructure  solution  (statics,  normal  modes,  frequency 
response,  or  transient  analysis) 

• Recovers  Phase  2 solution  data 

- Stores  solution  data  on  SOF 

- Stores  solution  and  prints  data  requested 

- Basic  substructure  data  recovery.  Phase  3 

- Initiates  substructure  undeformed  plots 
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SUBSTRUCTUftlNG  AMD  HOOAL  SYNTHESIS 
Table  3.  Substructure  Bulk  Data  Card  Sunwary 


Bulk  Data  Used  by  Substructure  Coiwwwds  REDUCE.  MREDUCEi  end. CREDUC^ 


BOYC 

BDYS 

BDYS1 


Combination  of  substructure  boundary  sets  of  ^tained  degrees  of  freedom 
or  fixed  degrees  of  freedom  for  modes  calculation 

- Boundary  set  definition 

- Alternate  boundary  set  definition 


Bulk  Data  Used  by  Substi-ucture  Cowmand  CBMBINE 
CfNCT 


- Specifies  grid  points  and  degrees  of  fre^w  for  manually  specified 
connectivities  - will  be  overridden  by  RELES  data 


CONCTl 

RELES 

6TRAN 

TRANS 


- Alternate  specification  of  connectivities 

- Specifies  grid  point  degrees  of  freedom  to  be  disconnected  - overrides 
CBNCT  and  automatic  connectivities 

- Redefines  the  output  coordinate  system  grid  point  displacement  sets 

- Specifies  coordinate  systems  for  substructure  and  grid  point 

f > ft  e f A rmA  1 1 0 n 


c. 


Bulk  Data  Used  by  Substructure  Command  SBLVE 


LfADC 

MPCS 

SRCS 

SPCSl 

SPCSO 

OAREAS 

DELAYS 

DPHASES 

TICS 


- Defines  loading  conditions  for  static  analysis 

- Specifies  multipoint  constraints 

- Specifies  single-point  constraints 

- Alternate  specification  of  single-point  constraints 

- Specifies  enforced  displacements  for  single-point  constraints 

- Specifies  dynamic  loadings 

- Specifies  time  delays  for  dynamic  loads 

- Specifies  phase  lead  terms  for  dynamic  loads 

- Specifies  transient  initial  conditions 
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20.4  SUBSTRUCTURE  ANALYSIS  EXANPLES 

T»<o  exainple  problwns  are  presented  to  assist  the  user  in  setting  up  decks  for  an  actual 
analysis.  The  first  is  a structural  analysis  using  equivalent  substructures i COMBINE  and 
REDUCE  operations,  and  substructure  plotting.  The  second  example  illustrates  the  use  of  modal 
synthesis  techniques  in  automated  substructuring. 

20.4.1  Problem  1 - Substructure  Analysis  Using  Rigid  Format  1 and  Z 

Figure  1 shows  two  basic  substructures.  Table  and  LESS.  Note  that  these  structures  have 
different  basic  coordinate  systems,  as  shown  in  the  figure.  Figure  1 shows  a combined  struc- 
ture which  is  assembled  from  the  two  basic  substructures.  All  of  the  data  decks  used  to  gen- 
erate and  analyze  the  composite  structure  are  listed  in  Tables  1-4.  These  include  the  data 
for  the  Phase  1 generation  of  the  basic  substructures,  the  Phase  2 assembly  of  the  complete 
structure,  its  solution  and  data  recovery,  and  the  Phase  3 data  recovery.  Tables  5-8  present 
a detailed  description  of  each  of  the  data  decks  used  in  this  analysis. 

20.4.2  Problem  2 - Dynamic  Analysis  of  a Trus s Us i ng  _Aj t onw ted  Modal  Synthesis  and  Rigid 
Format  9 

20.4.2.1  Description 

This  problem  illustrates  the  automated  substructuring  and  modal  synthesis  procedures 
which  provide  accurate,  efficient  solutions  in  dynamic  analysis.  Each  component  substructure 
is  reduced  to  modal  and  boundary  degrees  of  freedom  prior  to  the  substructure  combine  operation. 
The  combination  structure,  formulated  in  terms  of  the  component  modes,  is  also  reduced  to 
modal  degrees  of  freedom  for  solution  by  the  transient  analysis  Rigid  Format. 

20.4.2.2  Input 

The  geometry  for  the  two  basic  substructures  is  shown  in  Figure  2.  All  members  are  RfO 
elements.  All  grid  points  are  constrained  to  include  only  in-plane  displacements.  The  basic 
input  data  and  the  substructure  control  data  are  described  below. 
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1 .  Parameters 

a ■ 40  (typical  frame  width) 

h ■ 30  (typical  frame  height) 

A • 0.3  (cross  section  of  members) 

E m 10®  (Young's  Modulus) 

P » 2.5  X 10’^  (density) 


2.  Constraints 

“ ®x  “ ®y  “ ® all  points 

(Boundary  conditions  are  applied  only  during  solution.) 


3.  Loads 

%42  " (load  on  substructure  BBASIC) 

4.  Transient  Loads 


Uy42  - -143  0 t * 0 

Py42  » 10^  0 < t < .12 

0 t > .12 


(Initial  condition) 
(load  history) 


The  basic  run  sequence  and  substructure  operations  are  shown  In  Figure  3.  Each  box  defines 
a component  substructure.  Each  trapezoid  defines  output  data  resulting  from  a substructure 
operation.  Four  separate  runs  are  performed  as  described  below. 

1.  Runs  1 > 2 The  MASTRAN  Phase  1 operations  formulate  the  finite  element  matrices  and 

basic  static  loads. 

2.  Run  3 In  Phase  2 the  basic  substructures  are  reduced  to  modal  coordinates 

and  combined  together.  Anotner  modal  synthesis  reduction  Is  performed 
on  the  comblnailon  and  the  resulting  eigenvectors  are  printed. 

3.  Run  4 In  the  second  Phase  2 operation,  the  transient  analysis  Is  performed 

on  the  reduced  structure  using  the  S0LVE  operation.  The  transient 
output  data  Is  transfortned  back  to  the  original  grid  point  definitions 
with  Die  RECfVER  comeand. 

4.  Listings  of  the  four  runs  are  presented  In  Tables  9-12. 
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OPERATION 


Phase  1 


MREDUCE 


MREOUCE 


SOLVE 


RECOVER 


Figure  3.  Substructure  Fomwlatlon  Tree  and  Solution  Sequence 


SUBSTRUCTURIH6  AMD  MODAL  SYNTHESIS 


20.4.2.3  Results 

For  assessing  the  accuracy  of  the  modal  synthesis,  the  whole  structure  was  run  in  Rigid 
Format  3 to  determine  natural  frequency  and  mode  shapes.  This  procedure  eliminates  the  effects 
of  finite  element  errors  common  to  both  methods. 

Natural  frequencies  for  the  combined  system  are  shown  in  Table  13  along  with  the  error 
ratios  of  the  difference.  Note  that  the  lowest  frequency  component  mode  omitted  from  the 
analysis  was  197.2  Hz.  Below  this  frequency,  the  resulting  modes  are  excellent. 

The  transient  response  of  the  resulting  structure  is  Illustrated  in  Figure  4 for  a typical 
point  in  the  system.  Note  that  very  little  excitation  of  the  higher  frequency  modes  occurred. 


SUBSTRUCTURE  ANALYSIS  EXAMPLES 


Figure  4.  Transient  Response  of  a Nine-Cell  Truss  with  Modal  Synthesis  Formulation. 


SUBSTRUCTURINS  AND  NODAL  SYNTHESIS 
Table  1.  Phase  1 Data  Deck  for  Subroutine  TABLE 


Card 

No. 


0 NASTRAN  FILES  • NPTP 

1 ID  TABLE. BASIC 

2 APP  DISP.SUBS 

3 SfL  2.0 

4 TINE  1 

5 CHKPNT  YES 

6 CENO 

7 SUBSTRUCTURE  PHASE1 

8 PASSUBRO-PR0OECTX 

9 SfF(1)-SfF1,250.NEU 

10  NANE>TABLE 

11  SAVEPLBT-1 

12  S0FPRINT  TIC 

13  ENOSUBS 

14  TITLE-TABLE.  PHASE  0NE 

15  LBAO-2 

16  PUTPUT(PLBT) 

17  SET  1-ALL 

18  PL|T 

19  BEGIN  BULK 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

20 

3 

2 

5 

6 

3 

21 

mmua 

1 

1 

1 

2 

22 

CTRIA2 

1 

3 

4 

23 

FBRCE 

3 

10.0 

24 

FfRCE 

4 

10.0 

-1.0 

25 

GRID 

1 

0.0 

5. 

26 

7. 

5. 

27 

GRID 

SH 

0.0 

0.0 

28 

GRID 

SH 

7. 

0.0 

29 

GRID 

SH 

0.0 

-5. 

GRID 

7. 

-5. 

31 

GRID 

123456 

32 

NAT1 

1 

3. +7 

.3 

4.3 

33 

PQUAD2 

2 

1 

.1 

34 

PTRIA2 

1 

1 

.1 

35 

ENDDATA 
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SUBSTRUCTURE  ANALYSIS  EXAMPLES 
Table  2.  Phase  1 Data  Deck  for  Substructure  LEGS 


Card 

No. 


0 NASTRAN  FiLES-(NPTP.INP3) 

1 ID  LEGS.BASIC 

2 APP  OISP.  SUBS 

3 S9L  2.0 

4 TIME  1 

5 CHKPNT  YES 

6 CEND 

7 SUBSTRUCTURE  PHASEl 

8 PASSWBRO-PRBOECTY 

9 SeF{l)«SCF4.7500 

10  NAHE*LEGS 

11  SAVEPLCT'l 

12  SBFBUT  INP3 

13  PBSITI0N-REWIND 

14  NAME-LEGS 

15  E01T(32)  LEGS 

16  ENOSUBS 


17  TITLE-LEGS  PHASE  8NE 

18  L0AD*1 

19  9UTPUT(PL0T) 

20  SET  1-ALL 

21  PL0T 

22  BEGIN  BULK 


10 


2 

2 

2 


4.0 

4.0 


1234S6 
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Table  3.  Phase  2 Data  Deck 


Card 

No. 


1 ID  SUBSTR.PHASE2 

2 APP  OISP.SUBS 

3 S9L  1.0 

4 TIME  1 

5 DIA6  23 

6 CEND 

7 SUBSTRUCTURE  PHASE2 

8 PASSU9R0-PRBJECTX 

9 SfF{l)-SiF1,250 

10  BPTIBNS-K.M.P 

11  S0FBUT,INP4,TAPE 

12  P0SITIBN«REWINO 

13  NAME-TABLE 

14  S0FPR1NT  TBC 

15  COMBINE  LEGS.TABLE 

16  NAME-3IDEA 

17  T9LER-C.001 

18  BUTPUT-1,2.7,11.12,13.14.15.16,17 

19  CfMPBNENT  LEGS 

20  TRANS- 10 

21  EQUIV  SIDEA.SIDEB 

22  PREFIX-B 

23  COMBINE  SIDEA.SIDEB 

24  NAME-BIGTABLE 

25  TOLER-0.001 

26  OUTPUT-1 .2, 7, 11 ,12,13,14.15.16,17 

27  COMPONENT  SIDEB 

28  SYMT-Y 

29  REDUCE  BIGTABLE 

30  NAME-SMALTABL 

31  BOUNDARY- 100 

32  OUTPUT-1,2.3,4,5,6.7,8 

33  SOFPRINT  TOC 

34  PLOT  SMALTABL 

35  SOLVE  SMALTABL 

36  RECOVER  SMALTABL 

37  PRINT  BIGTABLE 

38  SAVE  STABLE 

39  SOFPRINT  TOC 

40  ENDSUBS 

41  TITLE-PHASE  TWO  SUBSTRUCTURE 

42  DISP-ALL 

43  SPCF-ALL 

44  OLOAO-ALL 

45  SPC-10 

46  SUBCASE  1 

47  load- 10 

48  SUBCASE  2 

49  load-20 

50  OUTPUT (PLOT) 

51  SET  1-ALL 

52  PLOT 

53  BEGIN  BULK 
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Table  3.  Phase  2 Data  Deck  (cont'U) 


arU 

No. 


54 

55 

56 

57 

58 

59 


1 


BDYC 
>A 

BOYSl 
BOYSl 
BOYSl 
LOAOC 
LOADC 
SPCS1 
SPCSl 
SPCSl 
SPCSl 
TRANS 
♦B 
ENDOATA 


-"-T 

100 

LEGS 

20 

TABLE 

10 

10 

4 

1 

10 

123456 

2 

20 

123456 

2 

10 

1.0 

[LEGS 

20 

1 '0 

TABLE 

10 

BLEGS  1 

123456 

10 

BTABLE 

4 

10 

LEGS 

123456 

10 

TABLE 

4 

10 

.0 

0.0 

8.0 

-5.0 

BLE6S 

BTABLE 

3 

6 

3 

1 

2 

2 

1 

2 

1 

7.0 


0 

20 

/ 

10 

4 

5 

1.0 

B>  EGS 

1 

lL® 

1.0 

BTABLE 

2 

1.0 

3 

3 

4 

5 

3 

3 

4 

5 

-5.0 

3.0 

,1 

11.0 

-5.0 

10 


♦A 


20 
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Table  4.  Phase  3 Data  Deck 


Card 

No. 


0 NASTRAH  FILES  - DPTP 

1 ID  TABLE. BASIC 
Z APP  OISP.SUBS 
3 S0L  1.0 

♦ time  1 , . .X 

5 RESTART  TABLE.  BASIC  (Restart  deck) 

6 CEND 

7 SUBSTRUCTURE  PHASES 

8 PASSWRRO-PRjlJECTX 

9 SBF(1)»S«F1,250 

10  BRECBVER  BTABLE 

11  ENOSUBS 

12  TITLE«PHASE  THREE  FRR  REFLECTED  TABLE 

13  OISP-ALL 

14  0LBAD-ALL 

15  SPCF»ALL 

16  STRESS*ALL 

17  SUBCASE  1 

18  SUBCASE  2 

19  LBAD>T 

20  BEGIN  BULK 

21  ENDOATA 
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Table  5.  Description  of  Phase  1-  Data  Deck  for  Substructure  TABLE 


Card 

No.  Refer  to  Table  1 for  Input  cards  described  below. 

1-6  Standard  NASTRAN  Executive  Control  Deck  except  the  'SUBS'  ootlon  Is  selected  on  the  app 
card. 

7 First  card  of  Substructure  Control  Deck.  Phase  1 Is  selected. 

8 Password  protection  on  the  SRF  Is  'PRWECTX'. 

9 The  SRF  consists  of  one  physical  file  with  an  Index  of  one.  (Indices  Must  begin  with  one 

sequentially.)  The  name  of  the  file  Is  'SBFT  and  It  has  a nexIaiMi  site  of 
250,000  words.  The  file  Is  to  be  Initialized.  (Internal  pointers  will  be  set  to  Indicate 
that  the  S0F  contains  no  data.) 

10  The  basic  substructure  to  be  generated  will  be  Identified  by  the  name  TABLE. 

11  Plot  set  1 will  be  saved  on  the  S0F  for  performing  plots  of  the  combined  structure  In 
Phase  2. 

12  Print  a table  of  contents  for  the  S(#F.  This  Includes  a list  of  all  substructures  and 
their  data  Items. 

13  End  of  Substructure  Control  Deck. 

15  Selects  the  load  to  be  saved  on  the  S0F  for  use  in  Phase  2.  Note  that  multiple  loads  may 
be  saved  by  using  multiple  subcases.  In  addition  to  external  static  loads,  thermal  loads 
and  element  deformatlc  loads  nay  be  selected. 

16-18  Plot  control  cards  are  required  If  the  SAVEPLOT  subcommand  Is  used  In  the  Substructure 
Control  Deck.  These  cards  are  used  to  define  the  plot  sets  for  Phase  2 plotting.  It 
Is  not  necessary  that  a plot  tape  be  set  up  In  Phase  1. 

19-35  Standard  NASTRAN  Bulk  Data  Deck.  These  cards  define  the  mathematical  model  of  the  basic 
substructure. 
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SUBSTMICTUftING  MO  WOAL  SYNTHESIS 
Table  6.  Description  of  Phase  1 Data  Deck  for  Substructure  LEGS 


Card 

ila.»  to  Table  2 for  Input  cards  described  below. 

1-6  StMdard  NASTRAN  Executive  Control  Deck  except  the  *SU8S*  option  1$  selected  on  the  APP 


7 First  card  of  tht>  Substructure  Control  Deck.  Phase  1 Is  selected. 

8 Password  protection  on  the  S#F  Is  'PRWECTY*. 


10 

11 


consists  of  one  physical  file  with  an  Index  of  one.  (Indices  must  beoln  with  one 

'S0F4'  and  ft  has  a max^  size  of 

250,000  words.  The  file  was  used  previously  as  on  SfF  (Phase  1 for  TABLE). 

The  basic  substructure  to  be  generated  will  be  Identified  by  the  name  LEGS. 

Plot  set  1 will  be  saved  on  the  S9F  for  performing  plots  of  the  combined  structure  in 

r nfliSC  fc  • 


12-14 

15 

16 
18 

19-21 

22-35 


After  substructure  LEGS  has  been  generated  and  saved  on  the  S0F. 
tape  INP3. 

All  data  items  for  substructure  LEGS  are  removed  from  the  S0F, 
remains  In  the  S0F  directory,  h'wever.) 


It  Is  copied  out  to  user 


(The  substructure  name 


End  of  Substructure  Control  Deck 

Selects  the  load  to  saved  on  the  S0F  for  use  in  Phase  2.  Note  that  multiple  loads  may 
be  saved  by  using  multiple  subcases.  In  addition  to  external  static  loads,  thermal  loads, 
and  element  deformation  loads  may  be  selected. 

Plot  control  cards  are  required  If  the  SAVEPL0T  subcommand  is  used  In  the  Substructure 
Control  Deck.  These  cards  are  used  to  define  the  plot  sets  for  Phase  2 plotting.  It 
Is  not  necessary  that  a plot  tape  be  set  up  in  Phase  1. 

Standard  NASTRAN  Bulk  Data  Deck, 
substructure. 


These  cards  define  the  mathematical  model  of  the  basic 
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SU8STRUCTURE  ANALYSIS  EXAHPLES 
Table  7.  Description  of  Phase  2 Data  Deck 


^N^  Refer  to  Table  3 for  Input  cards  described  below. 

Ti  SU«l.rt  N*STWW  £.«»«..  Coj.ro} 

card.  01A6  23  requests  an  echo  of  the  automatic  uWr  auers  g 

7 First  card  of  the  Substructure  Control  Deck.  Phase  2 Is  selected. 

8,9  These  cards  specify  the  same  S0F  used  In  Phase  1 for  substructure  TABLE. 

Phase  1 . 

11-13  Basic  substructure  TABLE  is  copied  from  the  S8F  to  user  tape  INP4. 

14  Print  the  S0F  table  of  contents. 

15-20  Perform  an  automatic  ^wbi nation  of  ^^^hriolSranc^for  JSJnectlons^ls  0*SrJn1ts“^ De- 

pseudostructure  will  be  named  SIUEA.  me  coiera  cdimrinfI  The  basic  coordinate  system 

.. o.«. 

21  22  Create  a new  secondary  substructure  SIOEB  which  is  equivalent  to  SIOEA.  This  operation 
• ImSgJ  substructure  BUGS  and  STABLE  to  be  generated. 

23-2B  Perform  an  automatic  combination  of  substructures  SIDEA  and  M 

pseudostructure  will  "^-^^Ji^^IS^-cooJdiJairsrst^  pseudostructure  SIDEB  Is  sym- 

(Sinn  change  for  all  ’V  degrees  of  freedor.i). 

srci3"ps^uS«-=?S“«  “ w waSef' 

tS  ...  '00  to.  8“">  Oott-  0.“’"0  " .W«t.f- 

33  Print  the  50F  table  of  contents. 

34  Plot  pseudostructure  SMALTABL.  The  plot  control  cards  in  the  Case  Control  Deck  are  used 
to  define  the  plots. 

35  Perform  a static  solution  of  pseudostructure  SMALTABL.  The  constraint  sets  and  loads  se- 
lected  in  the  Case  Control  Deck  are  used. 

M-M  Recover  the  displacements  ®(  pHj,t^the^resuUs'’kr'^wbstroct^  BIRTABIE. 

?!2"o:fpo.re,:jns'rt;:  Ste^?».r:^Secr;:;  “Jer'ence..  .h.n  the  PRIHT  sobc-~nd 
is  invoked. 

39  Print  the  S0F  table  of  contents. 

40  End  of  the  Substructure  Control  Deck. 

«2-M  cse  Control  ootpot  reonests.  Referenced  b,  the  PRINT  sobcone»nd  of  the  RtC.VER  co-end. 
46-»9  Constraint  and  load  set  selections  are  referenced  by  the  SBLVE  cfmvnand. 

50-52  Plot  control  cards  are  referenced  by  the  PL0T  command. 
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SUBSTRUCTWIN6  AND  NODAL  SYNTHESIS 
Table  7.  Description  of  Phase  3 Data  Deck  (continued) 

Card 

No»  Refer  to  Table  3 for  Input  cards  described  below. 

54-58  These  5ulk  DaU  carts  define  the  ^ndary  set  cf  retained  degrees  of  freedom  which  was 
selected  In  the  REDUCE  operation  (carts  29-32). 

59-54  These  carts  define  the  loads  and  constraints  selected  In  the  Case  Control  Deck  for  the 
substructure  SflVE  operation. 

€5»65  These  carts  define  the  transformation  which  Is  applied  to  the  basic  coordinate  system  of 
substructure  LEGS  In  the  first  CINBINE  operation  (cards  15-20). 


SUBSTRUCTURE  ANALYSIS  EXAMPLES 


Table  8.  Description  of  Phase  3 Data  Deck  for  Substructure  STABLE 


Card 

Mo.  Refer  to  Table  4 for  Input  cards  described  below. 

1-6  Standard  NASTRAN  Executive  Control  Deck  except  the  'SUBS’  option  is  selected  on  the  APP 
OISP  card.  "Card*  5 is  actually  the  Restart  deck  punched  out  in  Phase  1 for  substructure 
TABLE. 

7 First  card  of  the  Substructure  Control  Deck.  Phase  3 is  selected. 

8,9  These  cards  specify  the  same  SBF  used  In  Phase  2. 

10  This  card  causes  the  data  for  the  image  basic  substructure  STABLE  to  be  copied  from  the  SBF 

to  GIN#  data  blocks.  The  data  can  then  be  used  for  data  recovery  operations,  i.e.,  deformed 

structure  plots,  stresses,  etc. 

11  End  of  Substructure  Control  Deck. 

13-16  Output  requests  for  Phase  3 data  recovery. 

17-19  The  Subcase  Definitions  in  Phase  3 must  be  identical  to  those  used  in  the  S#LVE  operation 

in  Phase  ^ SPC  and  MPC  constraints  in  Phase  3 must  be  the  same  as  those  used  in  Phase  Z. 

Load  sets  selected  in  Phase  3 must  correspond  to  those  selected  in  Phase  2 for  each  sub- 
case. However,  load  sets  selected  in  Phase  2 which  do  not  exist  for  this  particular  or 
basic  substructure  can  not  be  selected  in  Phase  3.  See  Section  1.14.4  for  a more  detailed 
discussion  of  the  Phase  3 Case  Control  Deck. 
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SUBSTRUaURING  AMO  WDM.  SYNTHESIS 
Table  9.  Phase  1 Data  Deck  for  Substructure  ABASIC 


NASTRAN  NLINcS-35.BUFFSIZE-500 

ID  OEM0M1 ,RUN1 

APP  0 ISP. SUBS 

S0L  2.0 

TIME  1 

CENO 

SUBSTRUCTURE  PHASE 1 
S»F(1)  - FT10.500.MEH 
PASSUfRO  - WX.SYN 
NAME  - ABASIC 
SBFPRINT  TBC 
ENOSUBS 

TITLE  - DEM0  PR0BLEM  165A  M0OAL 


SUBTITLE 


L0AO  > 
BEGIN 


980 

BULK 


RUN 
$ 1 


1 - BASIC  SUBSTRUCTURE  A 
G ACCELERATION  IN  -Y  OIRECTI0N 


SYNTHESIS  OF  A NINE-CELL  TRUSS 


CR0D 

1 1 

1 

2 

CR0O 

2 1 

2 

3 

CR0O 

11  1 

11 

12 

CR0D 

12  1 

12 

13 

CR9D 

21  1 

21 

22 

CR0O 

22  1 

22 

23 

CR0D 

31  1 

31 

32 

CRBD 

32  1 

32 

33 

CR0D 

41  1 

41 

42 

CR0D 

42  1 

42 

43 

CR0O 

51  1 

51 

52 

CR0D 

52  1 

52 

53 

CR0O 

111  1 

1 

11 

CR0O 

112  1 

2 

12 

CR0D 

113  1 

3 

13 

CR0D 

121  1 

11 

21 

CR0D 

122  1 

12 

22 

CR0O 

123  1 

13 

23 

CR0O 

131  1 

21 

31 

CRBD 

132  1 

22 

32 

CR0O 

133  1 

23 

33 

CR0O 

141  1 

31 

41 

CR0O 

142  1 

32 

42 

CR0O 

143  1 

33 

43 

CRBD 

151  1 

41 

51 

CRBD 

152  1 

42 

52 

CRBD 

153  1 

43 

53 

CRBD 

211  1 

2 

11 

CRBD 

212  1 

2 

13 

CR0O 

221  1 

12 

21 

CRBD 

222  1 

12 

23 

CRBD 

231  1 

22 

31 

CRBD 

232  1 

22 

33 

CRBD 

241  1 

32 

41- 

CR0D 

242  1 

32 

43 

CRBD 

251  1 

42 

51 

CR0D 

252  1 

42 

53 

GRAY 

980 

980.0 

0.0 

-1.0 

GROSET 

GRID 

1 

0.0 

.30.0 

0.0 

GRID 

2 

0.0 

0,0 

0.0 

GRID 

3 

0.0 

30.0 

0.0 

GRID 

11 

40.0 

.30.0 

0.0 

GRID 

12 

40.0 

0,0 

0.0 

GRID 

13 

40.0 

30.0 

0.0 

0.0 


3456 
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SUBSTRUCTURE  ANALYSIS  EXAMPLES 

Tibi#  9.  Pli«»#  1 Deck  Substructure  ABASIC  (continued) 


GRID 

21 

80.0 

-30.0 

0.0 

GRID 

22 

80.0 

0.0 

0.0 

GRID 

23 

80.0 

30.0 

0.0 

GRID 

31 

120.0 

•30.0 

0.0 

GRID 

32 

120.0 

0.0 

0.0 

GRID 

33 

120.0 

30.0 

0.0 

GRID 

41 

160.0 

•30.0 

0.0 

GRID 

42 

160.0 

0.0 

0.0 

GRID 

43 

160.0 

30.0 

0.0 

GRID 

$1 

200.0 

-30.0 

0.0 

GRID 

S2 

200.0 

0.0 

0.0 

GRID 

53 

200.0 

30.0 

0.0 

HAT1 

1 

10.0+6 

0.3 

2.5-3 

PR|D 

1 

1 

0.3 

ENOATA 
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SUBSTRUCTURING  AND  MODAL  SYNTHESIS 
Table  10.  Phase  1 Data  Deck  for  Substructure  66ASIC 


NASTRAN  NLINES-35.BUFFSIZE-500 

ID  DEMBM1.RUN2 

APP  DISP.SUBS 

S0L  2,0 

TIME  1 

CEND 

SUBSTRUCTURE  PHASE 1 
SBF(l)  - RIO, 500 
PASSW0RD  - MOLSYN 
NAME  - BBASIC 
S0FPRINT  TBC 
ENOSUBS 

TITLE  * DEM0  PROBLEM  165A  M0DAL  SYNTHESIS  0F  A NINE-CELL  TRUSS 


SUBTITLE  « RUN  2 - BASIC  SUBSTRUCTURE  B 


L0AD 

* 980  $ 1 G ACCELERATION 

IN 

i DIRECTI0N 

BEGIN 

BULK 

CR0O 

1 1 

1 

2 

CR0O 

2 1 

2 

3 

CR0D 

11  1 

n 

12 

CR0D 

12  1 

12 

13 

CR0D 

21  1 

21 

22 

CR0O 

22  1 

22 

23 

CR0O 

31  1 

31 

32 

CR0D 

32  1 

32 

33 

CR0D 

41  1 

41 

42 

CR0D 

42  1 

42 

43 

CR0O 

111  1 

1 

11 

CR0O 

112  1 

2 

12 

CR0O 

113  ( 

3 

13 

CR0O 

121  1 

11 

21 

CR0D 

122  1 

12 

22 

CR0O 

123  1 

13 

23 

CR0O 

131  1 

21 

31 

CR0D 

132  1 

22 

32 

CR0O 

133  1 

23 

33 

CR0D 

141  1 

31 

41 

CR0D 

142  1 

32 

42 

CR0O 

143  1 

33 

43 

CR0O 

211  1 

2 

11 

CR0D 

212  1 

2 

13 

CR0D 

221  1 

12 

21 

CR0D 

222  1 

12 

23 

CR0D 

231  1 

22 

31 

CR0D 

232  1 

22 

33 

CR0D 

241  1 

32 

41 

CR0O 

242  1 

32 

43 

GRAV 

980 

980,0 

0.0 

-1.0 

GRDSET 

GRID 

1 

0.0  . 

.30.0 

0.0 

GRID 

2 

0.0 

0.0 

0.0 

GRID 

3 

0.0 

30.0 

0.0 

GRID 

11 

40.0  . 

■30.0 

0.0 

GRID 

12 

40.0 

0.0 

0.0 

GRID 

13 

40.0 

30.0 

0.0 

GRID 

21 

80.0  . 

■30.0 

0.0 

GRID 

22 

80.0 

0.0 

0.0 

GRID 

23 

80.0 

30.0 

0.0 

GRID 

31 

120.0  . 

■30.0 

0.0 

GRID 

32 

120.0 

0.0 

0.0 

GRID 

33 

120.0 

30.0 

0.0 

GRID 

41 

160.0  . 

■30.0 

0.0 

3456 


. 
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SUBSTRUCTURE  ANALYSIS  EXAMPLES 

Table  10.  Phase  1 Data  Deck  for  Substructure  BBASIC  (continued) 


GRID  42 

160.0 

-30.0 

0.0 

GRID  43 

160.0 

30.0 

0.0 

NAT1  1 

10.  (H6 

0.3 

2.5-3 

PR0D  1 
ENOOATA 

1 0.3 

1 
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SUBSTRUCTURI«€  AND  MODAL  SYNTHESIS 


Table  11.  Phase  2 Deck  for  C0MBINE  and  MREDUCE  Operations 


NASTRAN  NLINES=35.BUFFSIZE*500 

ID  DEM0M1.RUN3 

APP  DISP.SUBS 

S0L  3,0 

TIME  5 

DIA6  8,19 
CENO 

SUBSTRUCTURE  PHASE2 
S0F(1)  = RIO. 500 
PASSWORD  » MDLSYN 
OPTIONS  K.M.P 
SOFPRINT  TOC 
MREDUCE  ABAS I C 
NAME  MRAB 
BOUNDARY  5 
FIXED  5 
METHOD  9 

OUTPUT  1,5,6,9.10 
SOFPRINT  TOC 
MREDUCE  BBASIC 
NAME  MRBB 
BOUNDARY  4 
FIXED  4 
METHOD  9 

OUTPUT  1,5,6.9,10 
SOFPRINT  TOC 
COMBINE  MRAB. MRBB 
NAME  MC0M6 
TOLERANCE  0.001 
OUTPUT  2,7,12 
COMPONENT  MRBB 
TRANSFORM  40 
SOFPRINT  TOC 
MREDUCE  MCOMB 
NAME  RTRUSS 
BOUNDARY  42 
FIXED  9 
METHOD  90 
NMAX  18 

OUTPUT  1,5,6,9,10 
SOFPRINT  TOC 
ENDSUBS 

TITLE  = DEMO  PROBLEM  165A  MORAL  SYNTHESIS  OF  A NINE-CELL  TRUSS 
SUBTITLE  « RUN  3 - MODAL  REDUCTIONS  AND  COMBINE  OPERATIONS 
LABEL  * USE  7 MODES  PER  COMPONENT  AND  18  MOOES  OF  COMBINATION 
BEGIN  BULK 


BDYC 

4 

BBASr 

2 

BOYC 

5 

ABAS  I C 

1 

BOYC 

9 

ABASIC 

2 

BOYC 

42 

ABAS  I C 

2 

BBASIC 

42 

BDYSl 

1 

12 

1 

2 

3 

51 

52 

53 

BDYSl 

2 

12 

1 

2 

3 

BDYSl 

42 

2 

2 

EIGR 

9 

GIV 

0.0 

10000.0 

7 

♦El 

♦El 

MAX 

EIGR 

90 

GIV 

0.0 

10000.0 

20 

♦E2 

♦E2 

MAX 

TRANS 

40 

200.0 

0.0 

G.O 

200.0 

0.0 

1.0 

♦T1 

♦T1 

201.0 

0.0 

0.0 

ENDOATA 
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SUBSTRUCTURE  ANALYSIS  EXAMPLES 


Table  12.  Phase  2 Deck'  for  SBLVE  and  REC0VER  Operations 


NASTRAN  NLINES-3S,BUFFSIZE-SOO 

ID  OEM0M1 ,RUN4 

APP  OISP.SUBS 

S0L  9,0 

TIME  5 

CENO 

SUBSTRUCTURE  PHASE2 
S0F(1)  - RIO, 500 
PASSWORD  - MOLSYN 
0PTI0NS  K,M,P 
S0FPRINT  T0C 
S0LVE  RTRUSS 
REC0VER  RTRUSS 
PRINT  ABASIC 
UUrR0VE 
RANGE  0,0, 0.4 
ENERGV  ALL 
PRINT  MRAB 
PRINT  BBASIC 
UIMPR0VE 
RANGE  0.0. 0,4 
ENERGY  ALL 
PRINT  MR8B 
S0FPRINT  T0C 
ENDSUBS 

TITLE  - DEM0  PR0BLEM  165A  M0OAL  SYNTHESIS  0F  A NINE 

SUBTITLE  • RUN  4 - TRANSIENT  RESP0NSE  ANALYSIS 

LABEL  - REDUCED  T0  M0OAL  DEGREES  0F  FREED0M 

SET  1 - 7 THRU  13 

SPC  - 123 

CL0AD  - 101 

IC  • 522 

TSTEP  • 40 


-CELL  TRUSS 


01 SP  - ALL 
SD1SP(S0RT2)  - 1 
BEGIN  BULK 


OAREAS 

980 

BBASIC 

2 

2 

1.0+3 

L0AOC 

980 

1.0 

ABASIC 

980 

1.0 

PARAH 

G 

0.05 

PARAM 

W3 

0.01 

SPCSl 

123 

ABASIC 

12 

1 

2 

TICS 

522 

BBASIC 

2 

2 

0.1 

TL0AO2 

101 

980 

0.4 

TSTEP 

40 

40 

2.0-2 

1 

ENOOATA 


20.4-23 


21.  AEROELASTIC  ANALYSIS 


21.1  INTRODUCTION  TO  NASTRAN  AEROELASTICITY 

Aerodynamic  analysis,  like  structural  analysis,  Is  based  upon  a finite  element  approach.  The 
finite  elements  are  strips  or  boxes  for  which  there  are  aerodynamic  forces.  There  are  two  major 
points  to  be  considered.  The  aerodynamic  elements,  even  for  rather  complex  vehicles,  tend  to  be 
In  regular  arrays.  Thus,  while  NASTRAN  has  the  provision  to  generate  arrays  of  structural  elements, 
it  Is  «lso  desirable  to  generate  arrays  of  aerodynamic  elements.  In  particular,  the  aerodynamic 
elements  for  lattice  methods  are  arrays  of  trape2o1da1  boxes  whose  sides  are  parallel  to  the  air- 
flow. These  should  be  described  simply  by  defining  properties  of  the  array  (panel).  The  grid 
points  defining  the  structure  usually  will  not  coincide  with  the  grid  points  defining  the  aerodynamic 
elements.  Provision  has  been  made  to  generate  equations  of  constraint  between  the  two  sets  of  grid 
points.  The  geometry  interpolation  is  a key  feature,  since  it  allows  the  choice  of  structural  and 
aerodynamic  elements  to  be  based  upon  structural  and  aerodynamic  considerations  separately. 

Aerodynamic  forces  are  generated  via  the  flow  surrounding  the  structure.  The  theory  produces 
a matrix  defining  the  forces  .ipon  the  structure  in  terms  of  the  deflections  of  the  structure. 
State-of-the-art  methods  which  Involve  Interactions  between  aerodynamic  elements  are  available 
only  for  sinusoidal  motion.  Phase  lags  occur  between  the  motions  and  the  forces,  thus  the  matrices 
are  complex.  Further, nore,  these  complex  matrices  depend  upon  parameters  of  the  flow,  namely  reduced 
frequency  (ratio  of  frequency  to  velocity)  and  Mach  number  (ratio  of  velocity  to  speed  of  sound). 
Such  a matrix.  If  computed  by  an  Interaction  theory  such  as  the  doublet  lattice  method,  will  be 
expensive  to  produce.  The  most  effective  method  to  evaluate  the  matrix  for  a large  nwnber  of 
parameter  values  Is  to  compute  the  matrix  for  a few  selected  ones,  and  then  Interpolate  to  others. 
This  parametric  Interpolation  Is  an  automatic  feature  of  the  solution  modules  for  modal  aeroelastic 
analysis. 


21.2  DATA  INPUT  AND  GENERATION 


DATA  INPUT  AND  GENERATION 


ORIGINAL  PAGE  IS 
OF  POOR  QUALITY 


Aerodynamic  elements  are  strips,  boxes  or  bodies  which  represent  the  structure  for  computation 
of  aerodynamic  forces.  These  elements,  like  the  structural  elements,  are  defined  by  their  geometry, 
and  their  motions  are  defined  by  degrees  of  freedom  at  associated  aerodynamic  grid  points.  Often 
requirements  of  the  aerodynamic  theory  will  dictate  the  geometry  of  the  boxes.  For  example,  the 
doublet  lattice  theory  requires  trapezoidal  boxes  with  their  parallel  edges  along  the  streamlines. 

Also,  if  one  box  lies  in  the  wake  of  another,  their  edges  must  be  on  the  same  two  streamlines.  Aero- 
dynamic elements  and  grid  points  will  be  generated  to  reduce  the  labor  of  the  user  (many  less  data 
cards  will  be  required)  and  to  help  insure  that  theoretical  requirements  are  met. 

Aerodynamic  calculations  are  made  in  a cartesian  aerodynamic  coordinate  system.  By  the  usual 
convention  the  flow  is  in  the  positive  x direction.  The  basic  coordinate  system  was  not  chosen, 
since  it  would  place  an  undesirable  restriction  upon  the  description  of  the  structural  model.  Any 
fWSTRAN  cartesian  system  may  be  specified,  and  flow  will  be  defined  in  the  direction  of  its  pcsitive 
X axis.  All  aerodynamic  calculations  are  made  initially  in  the  aerodynamic  coordinate  system.  All 
element  and  aerodynamic  grid  point  data,  computed  initially  in  the  basic  coordinate  system,  will  be 
converted  to  the  aerodynamic  coordinate  system.  The  global  (displacement)  coordinate  system  of  the 
aerodynamic  grid  points  will  have  its  T1  direction  In  the  flow  direction.  T3  is  normal  to  the  ele- 
r*ient  for  boxes,  and  parallel  to  the  aerodynamic  Z direction  in  the  case  of  bodies.  Coordinate  system 
data  are  generated  for  the  aerodynamic  grid  points. 

The  grid  points  are  physically  located  at  the  centers  of  the  boxes  and  body  elements.  Penna- 
nent  constraints  are  generated  for  the  unused  degrees  of  freedom,  A second  set  of  grid  points, 
used  only  for  undeformed  plotting,  is  located  at  the  element  corners.  All  six  degrees  of  freedom 
associated  with  each  grid  point  in  this  second  set  are  permanently  constrained.  Grid  point 
numbers  are  generated  based  upon  the  element  identification  number.  For  any  panel  , the  extei  nal 
grid  point  numbers  for  the  boxes  start  with  the  panel  identification  number  and  increase  consecutively. 

Aerodynamic  degrees  of  freedom,  along  with  the  ?xtra  points,  are  added  after  the  structural 
matrices  and  inodes  have  been  determined.  This  introduces  the  following  displacement  sets: 

U|^  Aerodynamic  box  and  body  degrees  of  freedom 

Sa  constrained  degrees  of  freedom  associated  with  aerodynamic  grid  points 

Upj  Union  of  u^  (physical)  and 

“pA  \ (physical  and  aerodynamic) 

The  set  u^^  replaces  as  the  set  available  for  output  ct  grid,  scalar  and  extra  points. 
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21.3  STRUCTURAL-AERODYNAMIC  INTERCONNECTIONS 

Th«  Interpolation  between  the  structural  and  aerodynamic  degrees  of  freedom  Is  based  upon 
the  theory  of  splines  (Figure  1).  High  aspect  ratio  wings,  bodies,  or  other  beamllke  structures 
should  use  linear  splines.  Low  aspect  ratio  wings,  where  the  structural  grid  points  are  distribu- 
ted over  an  area,  should  use  surface  splines.  Several  apllnes  can  be  used  to  Interpolate  to  the 
boxes  on  a panel  or  elements  on  a body;  however,  each  point  can  refer  to  only  one  spline.  Any 
box  or  body  element  not  referenced  by  a spline  will  be  "fixed"  and  have  no  motion.  For  any  point, 
expeclally  a control  surface  degree  of  freedom,  a linear  relationship  (like  an  NPC)  may  be 
specified. 

For  all  types  of  splines,  the  user  must  specify  the  structural  degrees  of  freedom  and  the 
aerodynamic  points  involved.  The  structural  points,  called  the  g-set,  can  be  specified  by  a list 
or  by  specifying  a volume  In  space  and  determining  all  the  grid  points  in  the  volume.  The  degrees 
of  freedom  retained  at  the  grid  points  Include  only  the  normal  displacements  for  surface  splines. 
For  linear  splines,  the  normal  displacement  Is  always  used  and,  by  user  option,  torsional  rota- 
tions or  slopes  may  be  included.  The  global  transformation  at  structural  points  Is  automatica''  y 
applied  for  surface  and  linear  splines. 

The  SPLINEl  data  card  defines  a surface  spline.  This  can  interpolate  for  any  "rectangular" 
subarray  of  boxes  on  a panel.  For  example,  one  spline  can  be  used  for  the  Inboard  end  of  a panel 
and  another  for  the  outboard  end.  The  interpolated  grid  points  (k-set)  are  specified  by  naming 
the  lowest  and  highest  av.»x)dynamic  grid  point  numbers  in  the  area  to  be  splines.  The  two  methods 
for  specifying  the  grid  points  use  SETl  and  SET2  data  cards.  A parameter  DZ  Is  used  to  allow  some 
smoothing  of  the  spline  fit.  If  » 0 (the  usual  value),  the  spline  will  pass  through  all  de- 
flected grid  points.  If  DZ  > 0,  then  the  spline  (a  plate)  Is  attached  to  the  grid  deflections  via 
springs,  which  produce  a smoother  Interpolation  that  does  not  necessarily  pass  exactly  through  any 
of  the  points.  The  flexibility  of  the  springs  Is  proportional  to  DZ. 

The  SPLINE2  data  card  defines  a linear  spline.  As  can  be  seen  from  Figure  1,  this  Is  really 
a generalization  of  a simple  spline  to  allow  for  Interpolation  over  an  area.  It  Is  similar  to 
the  method  often  used  by  aeronautical  engineers  who  assume  that  an  airfoil  chord  is  rigid.  The 
portion  of  a panel  to  be  Interpolated  and  the  set  of  structural  points  are  determined  In  the  same 
manner  as  with  SPLINEl.  A NASTRAM  coordinate  system  must  be  supplied  to  determine  the  axis  of 
the  splint.  Since  the  spline  has  torsion  as  well  as  bending  flexibility,  the  user  may  specify 
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the  ratio  of  flexibilities;  the  default  value  for  this  ratio  Is  1.0.  The  attachment  flexibilities, 
Dj.  and  allow  for  smoothing,  but  usually  all  values  are  taken  to  be  zero.  An  exception 
would  occur  If  the  structural  model  g«es  not  have  slopes  defined,  In  which  case  the  flexibility 
OTHX  must  be  Infinite;  the  convention  OTHX  = -1.0  is  used  In  this  case.  When  used  with  bodies, 
there  ■<s  no  torsion  and  the  spline  axis  is  along  the  body. 

Tliere  are  certain  cases  with  splines  where  attachment  flexibility  Is  either  required  or  should 
not  be  used.  The  following  special  cases  should  be  noted. 

1.  Two  or  more  grid  points,  when  projected  onto  the  plane  of  the  element  (or  the  axis  of  a 
body)  may  have  the  same  location.  To  avoid  a singular  interpolation  matrix,  a positive 
attachment  flexibility  must  be  used. 

2.  With  linear  splines,  three  deflections  with  the  same  spline  y-coordlnate  would  overdeter- 
mine the  Interpolated  deflections  since  the  perpendicular  arms  are  rigid.  A positive  DZ 
Is  needed  to  make  the  interpolation  matrix  nonsingular. 

3.  With  linear  splines,  two  slopes  (or  twists)  at  the  same  y-coordinate  would  lead  to  a 
singular  interpolation  matrix.  Use  DTHX  - 0 (or  OTHY  - 0)  to  allow  interpolation. 

4.  For  some  modeling  techniques,  i.e.,  those  which  use  only  displacement  degrees  of  freedom, 
the  rotations  of  the  structural  model  are  constrained  to  zero  to  avoid  matrix  singulari- 
ties. If  a linear  spline  is  used,  the  rotational  constraints  should  not  be  enforced  to 
these  zero  values.  When  used  for  panels,  negative  values  of  PTHX  will  disconnect  the 
slope,  and  negative  values  of  DTHY  will  disconnect  the  twist.  For  bodies,  DTHV  constrains 
the  slopes  since  there  Is  no  twist  degree  of  freedom  for  body  Interpolation.  For  a linear 
spline,  if  all  of  the  structural  points  He  on  a straight  line,  the  use  of  Infinite 
(negative  DTHX  or  OTHY)  rotational  flexibility  results  In  a kinematically  unstable  ideali- 
zation. 

For  linear  splines  used  with  wings,  the  parameter  DT0R  should  be  selected  as  a representative 
'ue  of  EI/GJ. 
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(parallel  to  x^)  (a)  Surface  spline. 

2 (perpendicular  to  aero-elcnient) 


in  x^  direction) 


(in  aero-element  plane,  not  necessarily 
ion) 

(b)  I inear  spl ine 


" QWUTY 


Figure  1.  Splines  and  their  coordinate  systems. 
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21.4  AERODYNAMIC  MODELING 

Aerodynamic  elements  define  the  Interaction  between  the  structure  and  an  airflow.  Since  the 
elements  usually  occur  In  regular  arrays,  the  connection  cards  are  designed  to  specify  arrays.  The 
grid  points  associated  with  the  elements  In  an  array  are  generated  within  the  program.  Spline 
methods  are  used  to  Interpolate  for  aerodynamic  grid  point  deflection  in  terms  of  structural  points. 

For  every  aerodynamic  problem,  basic  parameters  are  specified  on  the  AER9  bulk  data  card.  A 
rectangular  aerodynamic  coordinate  system  must  be  Identified.  The  flow  is  In  the  positive  X-dIrec- 
tion  In  this  system.  The  use  of  symmetry  (or  antisymmetry)  is  recommended  to  analyze  symmetric 
structures,  to  simulate  ground  effects,  or  to  simulate  wind  tunnel  walls.  Ar\y  consistent  set  of 
units  can  be  used  for  the  dimensional  quantities. 

The  types  of  elements  available  are  shown  in  Table  1.  Every  CAER01  element  must  reference  a 
PAER01  data  card,  which  is  used  for  additional  pa>^ameters.  Lists  of  real  numbers  are  sometimes 
required,  which  are  given  on  AEFACT  lists.  These  lists  may  include  division  points  (for  unequal 
box  sizes)  are  parameter  values. 

21.4.1  Modal  Flutter  Analysis 

The  purpose  of  modal  flutter  analysis  is  to  study  the  stability  of  an  aeroelastic  system  with 
a minimum  number  of  degrees  of  freedom.  A prerequisite  tc  modal  flutter  analysis  is  the  calcula- 
tion of  an  aerodynamic  matrix  with  a transformation  to  modal  coordinates.  This  operation  Is  often 
very  costly  and  care  should  be  taken  to  avoid  unnecessary  computations.  One  method  Is  to  compute 
the  modal  aeroc(ynamic  matrix  at  a few  Mach  numbers  and  reduced  frequencies  and  Interpolate  to  others. 
Matrix  Interpolation  is  an  automatic  feature  of  the  flutter  rigid  format.  The  MKAER01  and  MKAERf2 
data  cards  allow  the  selection  of  parameters  for  the  aerodynamic  matrix  calculation  on  which  the 
Interpolation  is  based. 

The  method  of  flutter  analysis  is  specified  on  the  FLJTTER  bulk  data  card.  The  FLUTTER  cart 
1$  selected  in  case  control  by  an  FMETH0D  card.  Three  methods  of  flutter  analysis  are  available; 

K,  KE  and  PK.  These  are  shown  in  Table  2. 
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21.4.1.1  The  K-Method 

The  K-nethod  allows  looping  through  three  sets  of  parameters:  density  ration  p^.^^ 
is  given  on  an  AER9  data  card);  Mach  number  m;  and  reduced  frequency  k.  For  example,  if  the  user 
specifies  two  values  of  each,  there  will  be  eight  loops  in  the  following  order. 


L09P  (CURVE) 

DENS 

MACH 

REFREQ 

1 

1 

1 

1 

2 

2 

1 

1 

3 

1 

1 

2 

4 

2 

1 

2 

5 

1 

2 

1 

6 

2 

2 

1 

7 

1 

2 

2 

2 

2 

2 

Values  for  the  parameters  are  listed  on  FLFACT  bulk  data  cards.  Usually,  one  or  two  of  the  para- 
mters  will  have  only  a single  value.  Caution:  do  not  set  up  a large  number  of  loops;  it  may 
take  an  excessive  time  to  execute. 


i 


A parameter  VREF  may  be  used  to  scale  the  output  velocity.  This  can  be  used  to  convert  from 
consistent  units  (e.g.,  in/sec)  to  any  units  the  user  nta>  desire  (e.g.  , knots),  determined  from 
Vjjyj  ■ '^/'^REF'  “s®  0^  this  parameter  is  to  compute  the  flutter  index,  by  choosing  » 

bo)g  /p ." 


21.4.1.2  The  KE-Hethod 


Th«  KE-method  Is  similar  to  the  K metho  u By  restricting  the  option,  the  KC-method  is  a 
wore  effKient  K-method.  The  two  major  restrictions  are  that  no  damping  (B)  matrix  is  allowed 
and  no  eigenvector  recovery  is  made.  This  mfans  that  the  KE-method  is  not  suitable  for  a control 
system,  but  it  is  a good  method  for  producing  a large  number  of  points  for  the  classical  V-g  curve. 
The  K£-method  also  sorts  the  data  for  plotting.  A plot  request  for  one  curve  gives  all  the  re- 
duced frequencies  for  a mode  while  a similar  request  In  the  K-method  gives  all  of  the  inodes  at  one 
k value. 
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21.4.1.3  The  PK-Method 

The  PK-method  treats  the  aerodynamic  matrices  as  frequency  dependent  springs  and  dampers.  A 
frequency  is  estimated  and  the  eigenvalues  are  found.  From  an  eigenvalue,  a new  frequency  is  found. 
The  convergence  to  a consistent  root  is  very  rapid.  The  major  advantage  of  the  method  is  that  the 
daaqiing  values  obtained  at  subcritical  flutter  conditions  appear  to  be  more  representative  of  the 
physical  damping.  Another  advantage  occurs  wher.  the  stability  at  a specified  velocity  is  required 
since  many  fewer  eigenvalue  analyses  are  needed  to  find  the  behavior  at  one  velocity. 

The  input  data  for  the  PK-method  also  allows  looping,  as  in  the  K method.  The  inner  loop  of 
the  user  data  is  velocity,  with  Mach  number  and  density  on  outer  loops.  Thus,  the  effects  of 
varying  any  or  all  of  the  three  parameters  on  one  run  is  possible. 

21.4.2  Aeroelastic  Response  Analysis 

The  purpose  of  the  modal  aeroelastic  response  analysis  is  to  study  the  behavior  of  an  aero- 
e^fStic  system  resulting  from  applied  loads  and  gusts.  One  rigid  format  can  solve  frequency  re- 
sponse, random  response,  and  transient  response  problems.  The  capability  ncludes  control  systems 
(using  NASTRAN  Extra  Points  and  Transfer  Functions),  rnc’tiple  loading  co.Jitions  (with  SUBCASES), 
and  rigid  body  modes. 

The  input  data  ueck  is  the  sanie  as  for  the  flutter  analysis,  except  for  load  requests  and 
output  selection.  The  point  loads  are  applied  with  standard  RL0AD  (frequency  response)  or  TL*AD 
(transient  response)  data  cards.  For  gust  fields,  wiiich  are  only  implemented  for  the  Doublet- 
Lattice/Body  Aerodynamic  theory,  the  vertical  stationary  gust  velocity  can  be  specified  with 
either  RL0AD  or  TLOAD  cards.  In  tnis  manner',  the  response  to  either  random  or  time- dependent 
gusts  may  be  obtained. 

For  random  response  analysis,  the  power  spectral  density  of  the  load  must  be  supplied.  For 
gusts,  either  the  Yen  Kantian  or  the  Dryden  formula  can  be  selected.  The  ou'put  power  spectral 
density  is  requested  by  the  XYjWT  Case  Control  cards.  The  r.m.s.  value  and  N^,  the  expected  fre- 
quency, are  automatically  print.-*d  when  PSDF  information  is  requested. 

The  user  must  supply  the  b-islc  flight  conditions.  The  velocity  is  specified  by  the  AERi  data 
card,  while  Mach  number  and  dynamic  pressure  tq)  are  supplied  on  PARAM  bulk  data  cards. 
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The  damping  must  be  modal  damping.  Ordinari 
NASTRAN  model  dynamic  rigid  A parameter 


ly,  a modal  viscous  damping  is  assumed,  as  in  the 
KDAMP  = -1  can  be  used  to  substitute  modal  struc- 


tural damping,  the  modal  stiffness  is 


multiplied  by  [l+ig(u)]. 
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Table  1.  Aerodlynatnic  Elements. 


Typ* 

Doublet 

Lattice 

Panel 

Lifting  Body 
(Interference) 

Data  Cards 

CAER0I 

PAER01 

CAER02 

PAER02 

Mach  Number 

Subsonic 

Subsonic 

Symnetry  Options 

2 planes 

2 planes 

y « 0 
2 » 0 

y a 0 . 
2 ■ 0 

Interaction 

Panels 
In  the 

and  bodies 
) same  group 

Coaments 

Interconnection 
to  Structure 

Box 

centers 

Slender  body 

element 

centers 

Displacement 
Components  Used 
at  Connection  Points 

3.5 

3.5  z-bodles 

2.6  y-bodles 

Mach  Box  Strip  Piston 

Surface  Theory  Theory 


Supersonic  All  regimes  Hyporsonic 

1 plane  None  None 

required 


Boxes  on  None  None 

one  surface 

One  or  two  Control  surface  A strip  theory, 

control  allowed.  User  coefficients 

surfaces  may  vary  from  piston  or 

parameters.  Van  D^e  theory. 

Control  surface 

User  Strip  Strip 

specified  1/4-chord  1/4-chord 

locations 

3 3.5  No  control  3,5  No  control 

3,5,6  Control  3,5,6  Control 
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Table  2.  Flutter  Analysts  Methods. 


"K" 

"KE" 

"PK"  1 

Structural  Matrices 

(romplex) 
B ( -oinplex) 
M (complex) 

K (complex) 
M (complex) 

K (real, 
B (real 
M (real; 

Atro<tyndm1c  Matrices 

M (complex) 

M (complex) 

< (real! 
B (real) 

' 

User  Input  Loops 

P-dens1ty 
n^Mach  number 
k* reduced  frequency 

p- density 
m-Mach  number 
k- reduced  frequency 

p-density 
m- density 
V- velocity 

Output 

V-g  curve 
Complex  inodes 
Displacements 
Deformed  plots 

V q curve 

V-g  curve 
Complex  modes 
Displacements 
Deformed  plots 

Nathod 

Compute  roots  for 

Compute  roots  for 

For  each 

n.  W 

user  Input  p,  m,  k. 

user  Input  p,  m,  k. 

Iterate  on  each  not 

Reorder  output  so  a 

to  find  consistent 

"curve"  refers  to  a 

results. 

(Details 

mode. 

In  the  Theoretical 

Manual . ) 

Eigenvalue  Method 

Several  methods 
available,  selected 
by  user  via  CMETHfD 

Complex  Upper* 
Hessenberg 

Real  Upper* 
Hessenberg 

In  case  control. 

No  CMETW  card  Is  used. 
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21.5  MODAL  FLUHER  ANALYSIS  EXAMPLE 

This  problem  Illustrates  the  use  of  the  aeroelastic  analysis  to  determine  flutter  frequencies 
and  mode  shapes  for  an  untapered  wing  having  15”  sweep  and  an  aspect  ratio  of  5.34  as  shown  In 
Figure  1. 

21.5.1  Input 

Bulk  data  cards  used  Include  CAER01,  PAER01,  SPLINE2,  SET1 , AER0,  raCAERBI,  FLUHER.  end  FlFAa 
as  Illustrated  In  User's  Manual  Section  1.11. 


21.5.2  Theory 


Reference  1 specifies  the  reduced  freqt^^ncy  k = .1314  (p.17),  frequency  ratio  u/»^  • 0.51 
(p.35)  and  torsion  frequency  = 1488  (p.17). 

The  flutter  velocity  is  found  from 

REFC  X 10  X (0 
— a — 

Z (0 

V = ^ = — ^ = 5980  in/sec,  (1) 


where  P.EFC  is  the  reference  length  input  on  the  AER0  bulk  data  card. 
The  flutter  frequency  is  found  from 


(jO 

U)  X — 
a u) 


f = 


2it 


121  Hz 


(2) 


21.5.3  Results 

The  results  obtained  are  compared  with  both  theoretical  results  using  the  modified  strip 
analysis  method  and  with  experimental  results.  The  flutter  velocity  is  in  good  agreement.  (Set 
Figure  2.) 

Frequencies  are  automatically  output  while  mode  shapes  used  in  the  modal  formulation  are 
obtained  using  an  ALTER  to  the  Rigid  Format  following  the  Real  Eigenvalue  Analysis  Nodule. 

Node  shapes  for  all  points  in  the  model  may  be  obtained  by  checkpointing  the  problem  using  the 
Normal  Node  Analysis  (Rigid  Format  3)  and  subsequently  restarting  L-sing  the  Aeroelastic  Analysis. 
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o 

d 

2.0706 
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1 

1 1 

.45 

0.0001 

1 

C0UPMASS 
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1 
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1 
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0.0  c 
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0.0 

2.61-4 
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1 

101 


9.83-6 

11 
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Figure  2.  V-g  results  for  fifteen  degree  sweep  model 
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21.6  AEROELASTIC  RESPONSE  EXAMPLE 


This  example  Illustrates  the  use  of  the  aeroelastic  response  analysis  to  perform  frequency, 
random,  and  transient  response  calculations  fo>  a structure  excited  by  aerodynamic  loadinqs.  This 
problem  Is  also  discussed  in  Section  1.11.5  of  the  User's  Manual. 

The  structural  model  represents  a wing  and  aileron  configuration  as  shown  In  Figure  1.  For 
this  demonstration  problem,  the  aileron  Is  locked  and  the  fuselage  to  which  the  wing  Is  attached 
Is  a rigid  body  represented  by  grid  point  11.  Only  out-of-plane  motions  are  retained  In  the  model. 
The  wing  Is  modeled  with  GENEL  data  defining  the  flexibility  matrix,  [Z],  and  a free-body  «*atr1x. 
[SJ.  The  aileron  also  Is  modeled  as  a rigid  body  with  the  hinge  line  at  point  8.  The  vertical 
flap  deflection  at  point  12  Is  defined  by  an  MPC  equation. 

The  aerodynamic  model  consists  of  42  doublet  lattice  aerodynamic  boxes,  forming  one  coupled 
group  as  shown  In  Figure  2.  Three  CAERjDl  aerodynamic  elements  are  used  to  define  the  areas  of 
uniform  mesh  on  the  wing.  The  aerodynamic  degrees  of  freedom.  Implicitly  defined  by  the  CAER# 
data,  are  coupled  to  the  structure  with  surface  splines  defined  on  SPLINE2  data  cards. 


21.6.1  Frequency  Response  Input 


This  example  Illustrates  the  frequency  response  analysis  for  a sinooth  gust  shape  and  generates 
spectral  density  output  plots  for  a random  gust  magnitude. 


1.  Parameters: 

V • 5183.2 
M - 0.62 

0 » 1.1468  X 10*^ 
g ■ 0.06 


(Airstream  velocity) 
(Airstream  mach  number) 
(Air  density) 
(Structural  damping) 


2.  Constraints: 

Oy  ■ 0^  • 0 Grid  11  (Mo  fuselage  Isolation 

u ■ u • G ■ 0 All  Grids 
* y * 

®x  “ ®y  * ® Grids  except  11  and  12 

3.  Load: 

Vg  ■ (1  - cos  2nt)  (t  < 1)  Gust  Velocity 
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21.6.2  Frequency  Response  Results 

Figures  3 end  4 show  plots  of  the  fuselage  plunge  and  aierlon  dlsplaceeent  as  real  and 
Imaginary  functions  of  frequency. 


21.6.3  Frequency  Response  Driver  Deck  and  Saiiple  Bulk  Data 


Card 

No. 

0 NASTRAN  FILES-UMF 

’ ID  DEMI 1031 .NASTRAN 

2 UMF  1978  110310 

3 APR  AER0 

4 S0L  11,0 

5 TIME  3 

6 CEWu 


7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 
33 

39 

40 

41 

42 

43 

44 

45 


TITLE  ’ JET  TRANSP8RT  WING  DYNAMIC  ANALYSIS 
SUBTITLE  = NASTRAN  0EM(»N  ST  RATION  PROBLEM  N8.  11-3-1 
LABEL  = SYMMETRIC  RESPONSE  , STIFF  AILERON 
ECH6  = B0TH 

$ 

$ M0DEL  OESCRIPTI0N  JET  TRANSPORT  WING  EXAMPLE 

$ SYMMETRI'C  RESPONSE  T8  A RANO0M 

$ GUST  WITH  A STIFF  AILER0N 

$ 

SPC  = 14  $ SYM  , N0  PITCH 
MPC  =•  1 

METHOD  = 10  $ GIVENS 
SDMAP  - 2000 
FREQ  = 40 

RANDOM  = 1031  $ EMPIRICAL  PSDF 
0UTPUT 

I 

J SIJLUTljlN  RANO0M  ANALYSIS  USING 

S DOUBLET -LATTICE  METHOD  AERODYNAMICS 

S AT  MACH.  NO.  OF  .62 

$ 

SET  1 = 1 . 2 . 12  $ 

SET  2 ’ 1 .9  THRU  12  . 1040 
SET  3 > 11 

SET  4 = 1001,  102?  . 1023  , 1040  , 1041  $ 

SOISP(IMAG)  » 1 
OISP(IMAG)  » 2 
SPCF(IMAG)  ’ 3 
AEROF  ' 4 
SUBCASE  1 

label  - RANDOM  GUST  ANALYSIS 
GUST  - 3002 

$ 

$ PRODUCES  XY  PAPER  PLOTS  OF  MODAL  AND  GRID  POINT  DISPLACEMENTS 

$ AND  WING  ROOT  BENDING  MOMENTS 

$ 

OUTPUT(XYOUT)  $ FREQ  RESP  PACKAGE  (COMPLEX  NUMBERS) 

CURVELINESYMBOL  • 1 

XTITLE  » FREQUENCYlHERT/)  JET  TRANSPORT  . FREQUENCY  RESPONSE 
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46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 
61 
62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 

73 

74 

75 
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VTITLE  = M0DAL  DEFLECT18N 

TCURVE  - FIRST  M0DE  (PLUNGE) 

XYPAPERPL0T  SDISP  / 1(T1RM)  , 1(T1IP) 

TCURVE  - SECjWD  M8DE  (WING  BENDING) 

XYPAPERPLUT  SDISP/  2(T1RM)  , 2(T1IP) 

TCURVE  = TWELFTH  M0DE  (AILER8N) 

XYPAPERPLUT  SDISP  / 12(T1RM)  . 12(T1IP) 
YTITLE  = PHYSICAL  DEFLECTI0N 

TCURVE  = WING  ( 3/4  CH0RD  , 1/4  CH0RD  , 5 

XYPAPERPL0T  DISP  / 10(T3RM)  , 10(T3IP)  . 9( 

TCURVE  = FUSELAGE  PLUNGE 

XYPAPERPL0T  DISP/  11(T3RM)  , 11(T3IP) 

TCURVE  = AILER0N  DEFLECTION 

XYPAPERPL0T  DISP  / 12(R2RM)  , 12(R2IP) 

TCURVE  = AERODYNAMIC  B0X  NEAR  TIP  , PITCH 
XYPAPERPL0T  DISP  / 1040(R2RM)  , 1040(R2IP) 

“ WING  R00T  BENDING  M0MENT 

YTITLE  = ROTATIONAL  CONSTRAINTS 

XYPAPERPL0T  SPCF  / 11(R3RM)  , 11(R3IP) 

$ RANDOM  ANALYSIS  OUTPUT  REQUESTS 

* 'FREQUENCY  (HERTZ)  JET  TRANSPORT  . 
“ r. . SPECTRAL  DENSITY  FUNCTION 

YIITLE  = FUSELAGE  PLUNGE  (11T3)  PSDF 

XYPAPERPLOT  DiSP  PSDF  / H(T3) 

YTITLE  = WING  TIP  DISPLACEMENT  (9T3)  . PSDF 

XYPAPERPLOT  DISP  PSDF  / 9(T3) 

YTITLE  = WING  ROOT  BENDING  MOMENT  (11R3)  . PSDF 
XYPAPERPLOT  SPCF  PSDF  / 11(R3) 

BEGIN  BULK  ^ ’ 

ENDDATA 


TCURVE  - 
XYPAPERPLOT 
TCURVE  = 
XYPAPERPLOT 


XYPAPERPLOT 
TCURVE  = 
XYPAPERPLOT 
TCURVE  = 
XYPAPERPLOT 
TCURVE  = 
XYPAPERPLOT 
TCURVE  = 


. STA  458  ) 

9(T3RM)  , 9(T3IP) 


RANDOM  ANALYSIS 
. GUST  LOAD 


PSDF  , GUST  LOAD 
PSDF  , GUST  LOAD 
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T03T 

T 

T 

1. 

To!? 

RL6A01 

3002 

9999 

1004 

SETl 

14 

1 

THRU 

11 

SPC 

14 

11 

45 

SPLINE1 

104 

1022 

1026 

1039 

15 

SPLINE2 

101 

1001 

1001 

1021 

14 

0.0 

2. 

0. 

+SP1 

♦SPl 

-1.0 

-1.0 

SUP6RT 

11 

3 

TABOMPl 

2000 

+T2000 

♦TTfiOO 

0. 

.06 

10. 

.06 

ENDT 

TABLED1 

1004 

+T1004 

♦T1004 

0. 

0. 

.01 

1. 

10. 

1. 

ENOT 

TARRN01 

1032 

♦001 

eOOl 

0.00 

2.8708+0 

0.25 

1.2641+0 

0.50 

Co 

CO 

1 

0.75 

2.3030-1 

♦002 

21.6.4  Transient  Response  Input 

This  fxan^le  lllustrstes  the  transient  response  solution  using  a Fourier  transform  of  the 


frequency  response  solution. 

1. 

Paramaters : 

V - 5183.2 

(Airstream  velocity) 

$ 

H • 0.62 

(Airstream  mach  number) 

p • 1.1468  X 10'^ 

(Air  density) 

g - 0.06 

(Structural  damping) 

2. 

Constraints: 

©y  - 6j  • 0 

Grid  11  (no  fuselage  Isolation) 

e,  ■ 0 

All 

Grids 

■ » 

All 

Grids  except  11  and  12 

3.  Load: 

''g*  j. 16720  ij>i:0)i 

21.6.5  Transient  Response  Results 

Figures  5 and  6 are  the  same  quantities  as  shown  in  Figures  3 and  4 for  the  transient  solution 


f 
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21.6.6  Transient  Response  Driver  Deck  and  Saitple  Bulk  Data 


Card 

No. 


0 MASTRAN  FILES-UMF 

1 10  DEMI  1032. NASTRAN 

2 JMF  1978  110320 

3 APP  AER0 

4 S|»L  11,0 

5 rit4E  3 

6 CEND 


7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 


TITLE  = JET  TRANSPORT  WING  DYNAMIC  ANALYSIS 
SUBTITLE  = NASTRAN  DEMONSTRATION  PROBLEM  N0.  11-3-2 


LABEL  = SYMMETRIC  RESPONSE 
ECHO  = BOTH 

s 

$ 


MODEL  DESCRIPTION 


SQUARE  EDGE  GUST  . TRANSIENT  ANALYSIS 


JET  TRANSPORT  WING  EXAMPLE 
SYMMETRIC  RESPONSE  T0  A SQUARE 
EDGE  GUST  WITH  A STIFF  AILERON 


SPC 

MPC 


= 14  $ 
= 1 


SYM  . NO  PITCH 


METHOD  = 10  $ GIVENS 
SDAMP  = 2000 
FREQ  = 40 
TSTEP  = 41 

$$$$$$$  TWELVE  MODES  AND  FORTY  TWO  BOXES  AERO  CALC  THREE  K VALUES 
GUST  = 1011  $ SQUARE 

DL0AD  = 9999  $ NEEDED  T0  F0RCE  APPROACH  TRANSIENT  GUST 
OUTPUT 

$ 

$ SOLUTION  TRANSIENT  ANALYSIS  USING 

$ DOUBLET-LATTICE  METHOD  AERODYNAMICS 

$ AT  MACH  NO.  OF  0.62 

$ 

SET  1 = 1 . 2 , 12  $ 

SET  2 = 1 ,9  THRU  12  . 1040 

SET  3 = 11 

SDISP  = 1 

DISP  = 2 

SPCF  = 3 


i 

J PRODUCES  XY  PAPER  PLOTS  OF  MODAL  AND  GRID  POINT  DISPLACEMENTS 

S AND  WING  RPiOT  SENDING  MOMENT  TIME  HISTORIES 

OUTPUT (XYOUT)  $ TRANSIENT  PAOJAGE  (RIAL  NUMBERS) 

CURVELINES TMBOL  = 1 

XT  I TEE  = TIME (SECONDS)  JEI  U.AMSrOKT  . SQUARE  GUST 

TCURVE  riRST  MODE  (PLUNGE) 

YTITIE  = MODAL  DEFLECTION 

XYPAPERPLOT  SOISP  / 1(T1) 

TCURVE  * SECOND  MODE  (WING  BENDING) 

XYPAPERPLOT  SDISP  / 2(T1) 

TCURVE  - TWELETH  MODE  (AILERON) 

XYPAPERPLOT  SDISP  / 12(T1) 

YTITLE  = PHYSICAL  LVe'LECIION 


TCURVE  = WING  ( 3/4  CH0RD  . 1/4  CHORD  , STA  4SR  ) 
XYPAPERPLOT  DISP  / 10(n)  . 9(T3) 
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TCl/RVE  = FUSELAGE  PLUNGE 
XYPAPERPL0T  DISP  / 11 (T3) 

TCURVE  * AILER0N  DEFLECTI0N 
XYPAPERPL0T  DISP  / 12(R2) 

TCURVE  = AERODYNAMIC  BOX  NEAR  TIP 
XYPAPERPLOT  DISP  / 1040(R2) 

YTITLE  » ROTATIONAL  CONSTRAINTS 

TCURVE  « WING  ROOT  BENDING  MOMENT 
XYPAPERPLOT  SPCF  / 11 (R3) 

BEGIN  BULK 
ENDOATA 


AEFACT 

♦AEl 

AERO 

CAER01 

+CA01 

CELAS2 

CMASS2 

CONMl 

+51 

C0RD2R 

+C1 

QAREA 

EIGR 

+EIGR 

FREQl 

GENEL 

♦01 

GRID 

GUST 

NKAER01 

+MK 

NPC 

+MPC1 

PAEROl 

PARAM 

PARAM 

PARAM 

PARAM 

PARAM 

PARAM 

SETl 

SPC 

SPLINEl 
SPL1NE2 
♦ SPl 
SUPORT 
TABDMPl 
♦.2000 
TABLEDl 
♦T1 003 
TL0AO1 
TSTEP 


8360.  13 
1000  0 
0.  0. 
5142671.  12 
13967.2  12 

n 


1000 

GUSTAERO 

IFTM 

LMODES 

MACH 

Q 

WTMASS 

14 

14 

104 

101 

-1.0 

11 

2000 

0. 

1003 

0. 

1000 

41 


131.232  1.1468-7  1 
0 

0.  225.  3! 

12  5 

12  5 


1 

0 

12 

.62 

4.00747 
. 0025907 
1 

11 

1022 

1001 

-1.0 

3 


4.37+7 

0.0 


5142671 

1. 


+T2000 

♦T1003 
♦ tl003A 
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Figure  1.  Structural  definition  of  the  transport  wing. 
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Figurt  2.  Atrodynamlc  element  model- 


\ 


L 


21.0-9 


Fuselage  Plunge  x 10  In. 


iityiuiui  f ■iiiiiMuriiiiiii 


AEWELASTIC  RESPONSE  EXAMPLE 


Figur#  6.  Alltron  displaccncnt  vtrsus  time  at  grid  point  12. 
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22.1  INTRODUCTION  TO  NASTRAN  HEAT  TRANSFER 

NASTRAN  h€«t  flow  capability  may  be  used  either  as  a separate  analysis  to  determine  tempera- 
tures and  fluxes,  or  to  determine  temperature  Inputs  for  structural  problems.  Steady  state  and 
transient  problems  can  be  solved.  Including  heat  conduction  (with  variable  conductivity  for  static 
analysis),  film  heat  transfer,  and  nonlinear  (fourth  power  law)  radiation. 

The  heat  flow  problem  Is  similar.  In  many  ways,  to  structural  analysis  (Figure  1).  The  same 
«de1  can  be  used  for  both  analyses  If  the  same  finite  elements  are  appropriate.  The  same  grid 
points,  coordinate  systems,  elements,  constraints,  and  sequencing  can  be  used  for  both  problems. 

There  are  several  differences,  such  as  the  number  of  degrees  of  freedom  per  grid  point  and  the 
methods  of  specifying  loads,  boundary  film  heat  conduction,  and  nonlinear  elements.  For  heat  flow 
problems,  the  only  unknown  at  a grid  point  Is  the  temperature  (cf.  structural  analysis  with  three 
translations  and  three  rotations),  and  hence,  there  Is  one  degree  of  freedom  per  grid  point. 
Additional  grid  or  scalar  points  are  Introduced  for  fluid  ambient  temperatures  In  convective  film 
heat  transfer.  If  radiation  effects  are  Included  or  the  conductivity  of  an  element  Is  temperature 
dependent,  the  problem  becomes  nonlinear  (cf.  structural  analysis  with  temperature  dependent 
materials  which  aniy  requires  looking  up  material  properties  and  computing  thermal  loads.) 

As  In  structural  analysis,  the  choice  of  a finite  element  model  Is  left  to  the  analyst. 
Temperature  distributions  can  be  output  In  a fonnat  which  can  be  used  as  Input  to  structural  pro- 
blems. Heat  flow  analysis  uses  the  special  cards  shown  In  Table  1 and  many  structural  NASTRAN 
Bulk  Data  cards.  These  Include  (where  1 means  there  Is  more  than  one  type):  CBAR.  C0AMP1.  CELAS1. 
CHEXA1.  CIHEX1.  CBKRBD.  E0R011.  CQDtM.  CQDPLT.  C0UA01.  CRPO.  CTETRA.  CTRAPRG.  CTRIA1.  CTRIAG.  CTRMEM 
CTUBE.  CVISC.  CHEDGE.  OAREA.  DELAY.  DL0AD.  DMI . DHI6.  EP0INT.  GRDSET.  GRID.  L(IA0.  MPC.  MPCADO. 
HIL1N1.  0HIT1.  PARAM.  Pill  (for  elements  requiring  properties).  PL0TEL.  SEQGP.  SLBAO.  SPC1 . SPCADD. 

SPfINT.  TABLE01.  TF.  TL#A01.  and  TSTEP. 

An  explanation  of  the  DMAP  statements  and  Information  on  Case  Control  Deck  requirements  for 
each  Rigid  Format,  relevant  to  heat  transfer  analysis,  are  presented  In  the  User’s  Manual,  sections 
3.17.  3.18.  and  3.19.  A detailed  consideration  of  theory  and  applications  of  heat  transfer  may 
be  fti  '<1  » the  publication  NASTRAN  Thermal  Analyzer-Theory  and  Application  Including  a Guide 
to  ffedclKj  Enqineerlng  Problems.  rtwa-PIng  Lee.  NASA  Report  TM  X-3503.  April  1977. 
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22.2  HEAT  TRANSFER  ELENENTS 

Th#  basic  ht«t  conduction  elements  are  the  same  as  HASTRAN  structural  elements.  These 
elements  are  Shomn  In  the  following  table: 


! Heat  Conduction  tlemunts  J 

Type 

Elmnents 

Linear 

BAR.  RBO.  CfNRfD.  TUBE 

Nembrane 

TRNEN.  TRAIl.  TRAI2.  QOHEN, 
QUAOl,  QUA02 

Solid  of  Revolution 

TRIAR6,  TRAPR6 

Solid 

TETRA,  WEDGE,  HEXAl.  HEXA2, 
IHEXl,  IHEX2,  IHEX3 

Scalar 

CELAS1.  CDNAP1 

A connection  card  (Cxxx)  and.  If  applicable,  a property  card  (Pxxx)  Is  defined  for  each  of  these 
elements.  These  heat  conduction  elements  are  composed  of  constant  gradient  lines,  triangles, 
and  tetrahedra.  Linear  elements  have  a constant  cross-sectional  area.  The  offset  on  the  8AR  Is 
treated  as  a perfect  conductor  (no  temperature  drop).  For  the  membrane  elements,  the  heat  condi- 
tion thickness  Is  the  membrane  thickness.  The  bending  characteristics  of  the  elements  do  not 
enter  Into  heat  conduction  problems.  The  solid  of  revolution  element,  TRAPRS,  has  been  generalised 
to  accept  general  quadrilateral  rings  (I.e.,  the  top  and  bottom  need  not  be  perpendicular  to  the 
i-ax1s  for  heat  conduction.  The  quadrilaterals  are  composed  of  overlapping  triangles,  and  the 
wedges  and  hexahedra  from  subtetrahedra.  Scalar  spring  elements  are  used  for  transient  analysis 
temperature  constraints  and  scalar  damping  elements  are  used  to  add  thermal  mass.  Sradlents 
and  fluxes  may  be  output  by  requesting  ELFfRCE. 

Thermal  material  conductives  and  heat  capacities  are  given  on  NAT4  (Isotropic)  and  NATS 
(anisotropic)  Bulk  Data  cards.  Temperature  dependent  conductivities  are  given  on  HATT4  and 
NATT5  Bulk  Date  cards,  which  can  only  be  used  for  nonlinear  static  analysis.  The  heat  capacity 
per  unit  volume  Is  specified  as  the  product  of  density  and  heat  capacity  per  unit  mass  (pC^). 
lumped  conductivities  and  thermal  capacitance  may  be  defined  by  the  CELAS1  and  C0ANP1  elements, 
respectively. 
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A sptcitl  tlewent  (HBOY)  defines  an  ere*  for  boundary  conditions.  There  are  five  basic 
types  called  PfINT,  LINE,  REV,  AREAS,  and  «EA4.  A sixth  type,  ELCYL,  Is  for  use  only  with  (JVECT 
radiation.  The  HBOY  Is  considered  an  element,  since  It  can  add  terms  to  the  conduction  Mid  heat 
capacity  matrices.  Hence,  there  Is  a CHBOY  connection  and  PHBDY  property  card.  Hhen  a film 
heat  transfer  condition  Is  desired,  film  conductivity  end  heat  capacity  per  unit  area  are  speci- 
fied on  MAT4  daU  cards.  The  aeblent  temperature  Is  specified  with  additional  points  (BRIO  or 
SPRINT)  listed  on  the  CHBOY  connection  card.  See  Figure  2 for  geometry.  The  several  types  of 
power  Input  to  the  HBOY  elements  can  be  output  by  the  ELFRRCE  request. 

Radiation  heat  exchange  may  be  Included  between  HBOY  elements.  A list  of  HBOY  elements 
must  be  specified  on  a RAOLST  Bulk  Data  card,  and  the  emlsslvltles  are  specified  on  the  PHBOY 
cards.  The  Stefan-Boltsmann  constant  (SIGHA)  and  absolute  reference  temperature  (TABS)  are 
specified  on  PARAH  Bulk  Data  cards.  Radiation  exchange  coefficients  (default  Is  zero)  are 
specified  on  RAOMTX  Bulk  Data  cards. 

Grid  point  tengieratures  for  thermal  stress  analysis  (static  structural  analysis)  are  speci- 
fied on  TEHP  bulk  data  cards.  If  the  heat  conduction  model  Is  the  same  as  the  structural  model 
with  the  same  grid,  connection  and  property  cards,  the  temperature  cards  for  the  structural 
analysis  can  be  directly  output  from  the  heat  conduction  analysis.  The  output  request  In  Case 
Control  Is  THERHAL  (PUNCH),  and  the  format  of  the  card  Is  exactly  that  of  a double  field  TEMP* 
data  card. 
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22.3  CCmSTRAINTS  AND  PARTITIONING 

Constraints  are  applied  to  provide  boundary  conditions,  represent  "perfect"  conductors, 
and  provide  other  desired  characteristics  for  the  heat  transfer  model. 

Single  point  constraints  are  used  to  specify  the  temperature  at  a point.  The  grid  or  scalar 
points  are  listed  on  SPC  or  SPCl  Bulk  Data  cards,  not  GRDSET  or  GRID  cards,  because  In  heat 
transfer  analysis  there  Is  but  one  degree  of  freedom  per  point.  The  component  on  the  data  card 
must  be  "0"  or  "1",  which  declares  the  degree  of  freedom  to  be  In  the  u^  set.  The  method  of 
specifying  temperature  Is  dependent  upon  the  problem  type.  In  linear  statics  analysis,  the 
SPC  or  SPCl  card  is  used  to  constrain  grid  points  at  a fixed  tjmperature.  In  nonlinear  statics 
analysis,  the  SPC  or  SPCl  card  Is  used  to  designate  the  grid  point  ID  which  Is  to  be  constrained. 
The  actual  value  of  the  temperature  Is  indicated  on  a TEMP  card,  selected  by  TEMP (MATERIAL) 

In  the  Case  Control  deck.  In  transient  analysis,  the  SPC  or  SPCl  card  may  be  used  to  fix  the 
temperature  of  a grid  point  only  when  the  temperature  Is  zero.  When  the  temperature  Is  non- zero 
a large  conductive  coupling  to  a "ground"  at  absolute  temperature  must  be  defined.  From  the 
structural  relationship  F*Kx.  the  thermal  analogy  Is  made  where  K is  the  conductive  coupling, 

F Is  an  applied  load,  and  x Is  the  fixed  temperature.  In  this  case,  x Is  adjusted  to  the  de- 
sired temperature  by  defining  the  spring  constant,  K,  of  a CELAS1  element,  which  Is  connected  to 
"ground,"  and  a load,  F,  which  Is  applied  to  the  grid  point  In  question.  The  numerical  value  of 
K should  be  several  orders  of  magnitude  greater  than  the  numerical  value  of  the  conductances 
prescribed  for  the  rest  of  the  model . 

Multipoint  constraints  are  linear  relationships  between  temperatures  at  several  grid  poInU 
and  are  specified  on  MPC  cards.  The  first  entry  on  an  MPC  card  will  be  In  the  u^  set.  The 
type  of  constraint  Is  limited  If  nonlinear  elements  are  present.  If  a member  of  set  0^  touches 
a non-linear  (conduction  or  radiation)  element,  the  constraint  relationship  Is  restricted  to 
an  "equivalence."  The  term  "equivalence"  means  that  the  value  of  the  member  of  the  u,  set  will 
be  equal  to  one  of  the  members  of  the  u^  set  (a  point  not  multipoint  constrained).  Those  points 
not  touching  nonlinear  elements  are  not  so  limited.  The  user  will  be  responsible  for  satisfying 
the  equivalence  requirement  by  having  only  two  entries  on  the  MPC  data  card. 
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22.4  THERMAL  LOADS 

Thermal  "loads"  may  be  boundary  heat  fluxes  or  volume  heat  addition.  As  In  the  case  of 
structural  analysis,  the  method  of  specifying  loads  Is  different  for  static  and  transient  analysis. 
The  HBDY  element  Is  used  for  boundaries  of  conducting  regions.  Surface  heat  flux  Input  can  be 
specified  for  HBDY  elements  with  QBOYl  and  QB0Y2  data  cards.  These  two  cards  are  for  constant 
and  (spatially)  variable  flux,  respectively.  Flux  can  be  specified  with  the  QWOY  data  card 
without  reference  to  an  HBDY  element.  Vector  flux,  such  as  solar  radiation,  depends  upon  tiie  angle 
between  the  flux  and  the  element  normal,  and  Is  specified  for  WDY  elements  with  the  QVECT  data 
card.  This  requires  that  the  HBDY  element  orientation  be  defined  on  the  CHBOY  card.  Volume 
heat  addition  Into  a conduction  element  Is  specified  on  a QVBL  data  card. 

Static  thermal  loads  are  requested  In  Case  Control  with  the  L0AO  card.  All  of  the  above 
load  types  plus  SLBAD  can  be  requested.  Transient  loads  are  requested  In  Case  Control  with  a 
DLBAD  card  to  select  TL0AD  time  functions.  Transient  thermal  loads  may  use  OAREA  (as  In  struc- 
tural transient),  and/or  the  QBOYl,  QBDY2,  QHBDY,  QVECT.  QVBL.  and  SLBAO  cards.  The  resultant 
thermal  load  will  be  the  sum  of  all  loads  applied.  This  means  the  LBAD  SIDs  and  OAREA  SIDs 
must  be  the  same  when  referenced  on  a TLBAD1  card. 
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22.5  STATIC  ANALYSIS 


Linear  static  analysis  uses  APProach  HEAT  SOLutlon  1.  The  Rigid  Format  Is  the  same  as  that 
used  for  static  structural  analysis.  This  Implies  that  several  loading  conditions  and  con- 
straint sets  can  be  solved  In  one  Job  by  using  subcases  In  the  Case  Control  deck. 


Nonlinear  static  analysis  uses  Approach  HEAT.  SOLutlon  3.  This  specially  designed  Rigid 
Format  will  allow  temperature  dependent  conductives  of  the  elements,  nonlinear  radiation  ex- 
change and  a limited  use  of  multipoint  constraints.  There  Is  no  looping  for  load  and  constraints, 
and  the  solution  Is  Iterative.  The  user  can  supply  values  on  PARAN  Bulk  Data  cards  for: 


NAXIT  (Integer) 
EPSHT  (real) 
TABS  (real) 
SIGMA  (real) 
IRES  (Integer) 


Maximum  number  of  Iterations  (default  4). 
e convergence  parameter  (default  .001). 

Absolute  reference  temperature  (default  0.0). 

Stefan- Bol t2mann  radiation  constant  (default  0.0). 
Request  residual  vector  output  if  positive  (default  -1). 


The  user  must  supply  an  estimate  of  the  temperature  distribution  vector  {u^}.  This  estimate 
Is  used  to  calculate  the  reference  conductivity  plus  radiation  matrix  needed  for  the  Iteration. 

Is  also  used  at  all  points  In  the  u^  set  to  specify  a boundary  temperature.  The  values  of 
(u^)  are  given  on  TEMP  Bulk  Data  cards,  and  they  are  selected  by  TEMP(MATERIAL)  In  Case  Control. 


Iteration  may  stop  for  the  following  reasons: 

1.  Normal  convergency:  Cj  < EPSHT,  where  Cj  is  the  per  unit  error  estimate  of  the 
temperatures  calculated. 

2.  Number  of  Iterations  > MAXIT. 

3.  Unstable:  |X^|  <1  and  the  number  of  Iterations  > 3,  where  Is  a stability  estimator. 

4.  Insufficient  time  to  perform  another  Iteration. 


The  precise  explanations  and  definitions  are  given  In  the  NASTRAN  Theoretical  Manual,  Section  8.4. 
Error  estimates  Cp,  X^,  and  Cj  for  all  Iterations  may  be  output  with  the  Executive  Control  card 
0IA6  18,  where  Cp  Is  the  ratio  of  the  Euclidian  norms  of  the  residual  (error)  loads  to  the  applied 
loads  on  the  unconstrained  degrees  of  freedom. 
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22.6  TRANSIENT  ANALYSIS 


Transient  analysis  uses  Approach  HEAT  SOLutlon  9.  Thi.s  Rigid  Format  may  Include  conduction 
film  heat  transfer,  nonlinear  radiation,  and  NASTRAN  nonlinear  elements.  Extra  points  are  used 
as  In  structural  transient  analysis.  All  points  associated  with  nonlinear  loads  must  be  In  the 
solution  set.  Loads  may  be  applied  with  TL0AD  and  DAREA  cards  as  In  structural  analysis.  Also, 
the  thermal  static  load  cards  can  be  modified  by  a function  of  time  for  use  In  transient  analysis. 
If  the  static  load  data  Is  used  to  define  a transient  load,  the  static  load  set  Identification 
Is  referenced  on  the  TL0AO  card  In  the  OAREA  field.  Loads  requested  In  Case  Control  with 
DLfAO.  Initial  temperatures  are  specified  on  TEHP  Bulk  Data  cards  and  are  requested  by  IC  In 
Case  Control.  Previous  static  or  transient  solutions  can  easily  be  used  as  Initial  conditions, 
since  they  can  be  punched  In  the  correct  format.  An  estimate  of  the  temperature  (ub  Is  specified 
on  TEMP  Bulk  Data  cards  for  transient  with  radiation,  and  Is  requested  by  TEMP(MATERIAL).  The 
parameters  available  are: 


TABS  (real) 
SIGMA  (real) 
BETA  (real) 
RAOLIN  (Integer) 


Absolute  reference  temperature  (default  0.0). 
Stefan-6o1 tzmann  radiation  constant  (default  0.0). 
Forward  difference  Integration  factor  (default  .55). 
Radiation  Is  linearized  If  positive  (default  -1). 
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22.7  HEAT  TRANSFER  EXAMPLE 

TIm  sMp1«  probiM  below  niustrttes  the  capability  of  NASTRAN  to  solve  heat  conduction 
problem.  Linear  solid  state  conduction  through  a washer  Is  solved  In  two  ways:  (1)  using 
solid  elemnts  and  (2)  using  ring  elenents.  The  washer,  shown  In  Figure  3,  has  a radial  heat 

conduction  with  the  temperature  specified  at  the  outside  and  a film  heat  transfer  condition  at 

the  Inner  edge.  Due  to  symmetry  about  the  axis  and  the  assumption  of  negligible  axial  gradients, 
the  temperature  depends  only  upon  the  radius. 

22.7.1  Input 

The  first  HASTRAM  model  Is  shown  In  Figure  4.  The  solid  elemnts  (I€XA1.  HEXA2.  HEDGE,  and 
TETRA)  and  boundary  condition  elemnt  (HBOY,  type  AREA4)  are  used.  The  conductivity  of  the 
mterlal  Is  specified  on  a MAT4  card.  Temperatures  are  specified  at  the  outer  boundary  with 

SPC  cards.  Punched  temperature  output  is  placed  on  TEMP  bulk  data  cards  suitable  for  static 

analysis.  Another  variation  of  the  problem  Is  shown  In  Figure  S.  Solid  of  revolution  elemnts 
(TRIAR6  and  TRAPR6)  and  boundary  condition  element  (HBDY.  type  REV)  are  used.  The  conductivity 
of  the  mterlal  and  the  convective  film  coefficient  are  specified  on  a MAT4  card.  The  CHGOY 
card  refere  ces  a scalar  point  at  which  the  anblent  temperature  Is  specified  using  an  SPC  card. 

All  SPCl  c£'  ' is  used  to  constrain  the  temperature  to  zero  degrees  at  gridpoints  on  the  outer 
surface. 


22.7.2  Theory 

The  mthemtical  theory  for  the  continuum  Is  simple,  and  can  be  solved  In  closed  form.  The 
differential  equation  Is 


The  boundary  conditions  are 
and 


1 i.  frlr  . n 

r (rk  Jr#  0. 

-k  • H(U^  - U)  at  r • r, . 
U • 0 at  r • rj. 


(1) 

(2) 

(3) 
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The  solution  Is 


U(r) 


HU» 


TF/rp-*  Hn(r2/r,)  "< 


- 266.516  n(2/r) 


22.7.3  Results 


A comparison  of  theoretical  temperatures  with  the  NASTRAN  results  Is  shown  In  Table  2. 
22.7.4  Driver  Deck  and  Sample  6u1k  Data 


Note:  Only  one  data  card  of  each  type  Is  listed  to  Illustrate  Its  use. 


Card 

No. 


0 

1 

2 

3 

4 

5 

6 


NASTRAN  FILES  - UMF 
ID  DEM1 121 .NASTRAN 
UW  1977  11210 

TIME  1 

AFP  HEAT 


S0L 

CEND 


1.1 


7 

6 

9 

10 

11 

12 

13 

14 

15 

16 
17 
16 


TITLE  « LINEAR  STEADY  STATE  HEAT  C0ffl)UCTI(W  THRpUGH  A WASHER 
SU8TITLE  » NASTRAN  DEM0NSTRATI6N  PR66LEM  NO.  1-12-1 
LABEL  • SRLIO  ELEMENTS. SURFACE  FILM  HEAT  TRANSFER 
0L6AD  - ALL 
SPCF6RCES  « ALL 


THERMAL(PRINT. PUNCH)  - ALL 
ELFIRCE  - ALL 
SUBCASE  123 


LABEL  • TEMPERATURE  SPECIFIED  AT  BUTER  BOUNDARY 
SPC  • 351 
L|AD  - 251 
BEGIN  SULK 


19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

CHBDY 

701 

702 

AREA4 

1 

12 

112 

101 

CHEXA1 

1 

200 

1 

2 

13 

12 

101 

+S0L1 

♦S#L1 

113 

112 

CMEXA2 

2 

200 

2 

3 

14 

13 

102 

103 

'»^SBL2 

114 

113 

CfROEC 

111 

0 

.0 

.0 

.0 

.0 

.0 

100.0 

>CBRD111 

>CfRD111 

100.0 

.0 

.0 

CTETRA 

3 

200 

104 

114 

3 

103 

CHED6E 

8 

200 

4 

5 

15 

104 

105 

115 

GRDSET 

111 

GRID 

1 

111 

1.0 

.0 

.0 

MATA 

200 

1.0 

PARAM 

IRES 

1 

PHBDY 

702 

200 
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1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

33 

QBDYl 

251 

288.5 

701 

34 

SEQGP 

12 

1.1 

13 

2.1 

14 

3.1 

15 

4.1 

35 

SPC 

351 

11 

1 

.0 

22 

1 

.0 

36  ENDATA 


Notes  on  Cards  for  the  Solid  Element  Solution 

Card 

Ho. 

12  This  card  In  the  Case  Control  Deck  requests  that  the  temperatures  of  all  points 
be  printed  on  paper  and  punched  on  cards. 

19  The  CHBDY  card  defines  a boundary  element  which  Is  used  for  heat  flux,  thermal  vector 
flux,  convection  and/or  radiation. 

31  A positive  Integer  value  of  the  IRES  parameter  In  a HEAT  statics  problem  will  cause 
the  printing  of  all  residual  vectors. 

32  The  PH6DY  card  defines  the  properties  of  the  HBDY  element. 

33  The  Q6DY1  card  defines  a uniform  heat  flux  Into  HBDY  elements.  To  be  used  In  a static 
run,  this  card  must  be  requested  In  the  Case  Control  Deck  (L0AD*SID). 


Card 

Ho. 

“IT  NASTRAN  FILES*UMF 

1 ID  DEMI 122, NASTRAN 

2 UMF  1977  11220 

3 APR  HEAT 

4 S0L  1 ,0 

5 TIME  10 

6 CEND 

7 TITLE  « LINEAR  STEADY  STATE  C0NDITI0N  THR0UGH  A HASHER 

8 SUBTITLE  - NASTRAN  DEM0NSTRATI0N  PR0BLEM  N0.  1-12-2 

9 UBEL  - RING  ELEMENTS.  FILM  HEAT  TRANSFER 

10  0UTPUT 

11  0L0AD  - ALL 

12  SPCF0RCE  - ALL 

13  THERMAL  (PRINT,PUNCH)  * ALL 

14  ELF0RCE  - ALL 

15  SPC  • 350 

16  BEGIN  BULK 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

17 

CHBOY 

14 

100 

REV 

1 

12 

♦H80Y14 

18 

>HB0Y14 

23 

23 

19 

CTRAPR6 

7 

4 

5 

16 

15 

.0 

200 

20 

GRID 

1 

1.0 

.0 

.0 

21 

MAT4 

200 

.10 

22 

PHBOY 

100 

300 

23 

SEQGP 

12 

1.1 

13 

2.1 

14 

3.1 

15 

4.1 

24 

SPC 

352 

23 

488.5 

25 

SPC1 

351 

1 

11 

22 

26 

SPCAOO 

350 

351 

352 

27 

SPfINT 

23 

28 

TEMPO 

201 

.0 

29  ENODATA 
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Notes  on  Cords  for  tte  Rinfl  Elonent  Solution 

Cord 

No. 

13  This  cord  In  tho  Cose  Control  Dock  roquests  thot  the  tenporaturos  of  oil  points 
bo  printed  on  popor  ond  punchod  on  cords. 

17  Tho  CHBDV  dote  cord  dofinos  o boundory  olonont  ««h1ch  Is  usod  for  hoot  f1ux»  ^nool 
vector  flux,  convection  ond/or  rodlotlon. 

22  The  PHBOY  cord  defines  the  properties  of  the  HBOY  element. 

28  The  TEMPO  cord  defines  o defoult  temperoture  for  oil  grid  points  of  the  structurol 

model  which  hove  not  been  given  o temperoture  on  o TW  cord.  Temperoture  sets 
must  be  selected  In  the  Cose  Control  Deck  (TENP*SI0)  to  be  used  by  NASTRAN. 
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Table  1.  Bulk  Data  C«..‘ds  of  Special  Reference  to  Heat  Transfer  Analysis 


CH6DY 

Heat  Boundary  Element 

MAH3 

Material  Temperature  Dependence 

MAm 

Material  Temperature  Dependence 

MAHS 

Material  Temperature  Dependmice 

PHBOV 

Property  of  Heat  Boundary  Element 

QB0Y1 

Boundary  Heat  Flux  Load 

QBCY2 

Boundary  Heat  Flux  Load 

QHBOY 

Boundary  Heat  Flux  Load 

QVECT 

Thermal  Vector  Flux  Load 

QVOl 

Volume  Heat  Addition 

RADLST 

List  of  Radiation  Areas 

kadmtx 

Radiation  Matrix 

TABLEM1 

Material  Property  Table 

TABLEN2 

Material  Property  Table 

TABLEN3 

Material  Property  Table 

TABLEN4 

Material  Property  Table 

TEMP 

Grid  Point  Temperature  Field 

TEMPAX 

Axlsyimetrlc  Temperature 

TEMPO 

Grid  Point  Temperature  Field  Default 
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T*bl®  2.  Comparison  of  Theoretical  and  NASTRAN  Temperatures  for  Heat  Conduction  In  a Washer 


r( radius) 

Theoretical 

Temperatures 

NASTRAN  Temperatures 
(Solids)* 

~TU!>rHAN  Temperatures 
(Rings)* 

1.0 

199.984 

202.396 

199.932 

1.1 

172.486 

173.904 

172.448 

1.2 

147.381 

148.833 

147.355 

1.3 

124.288 

124.783 

124.269 

1.4 

102.906 

102.852 

102.894 

1.5 

83.001 

82.913 

82.992 

1.6 

64.380 

64.306 

64.375 

1.7 

46.889 

46.832 

46.886 

1.8 

30.398 

30.356 

30.397 

1.9 

14.799 

14.773 

14.798 

2.0 

0.000 

0.000 

o.oop 

* These  are  the  average  temperatures  at  a radius. 
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Th«  unit  nonwl  vector  1$  given  by  n • V/|V|,  Mhere  V Is  given  In  the  basic 
referenced  grid  point  (see  CH80Y  data  card,  fields  16-18). 


Type  « LINE 


The  unit  norMl  lies  In  the  plane  of  V and  f , Is  perpendicular  to  f , and  Is 
n » (T  X (VxT))/|f  X (Vxf)|. 


The  same  logic  1$  used  to  determine  ri;as  for  type  ■ LINE.  The  “radius"  R, 
and  Rg  Is  perpendicular  to  n and  T (see  fields  7 and  8 of  PHBDY  card).  ' 


Type  » REV 


The  unit  normal  lies  In  the  x-z  plane,  and  is  given  by  n ■ (e  x f)/le  x Tl 
vector  In  the  y direction.  Y ' Y ' 


The  unit  normal  vector  Is  given  by  n 
X ■ 4 for  quadrilaterals. 


^^12  * ^lx^^l^l2  * ^1x1*  X ■ 3 


Figure  2.  HBOY  element  orientation  (for  QVECT  flux). 


system  at  the 


given  by 


In  the  n directlor 


e^  Is  the  unit 


for  triangles  and 
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noitn  3.  Htshtr  Antlyttd  In  Ht«t  Conduction  Oononstrotlon  ArobiM. 


i'll  mil 
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HBOr  701 


Figure  4.  Elements  end  Grid  Points. 
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1 


Fl9urc  S. 


T TRIARG  elements 
Q TRAPRG  elements 
“ 488.5  at  left  end 
U-  ■ 0.0  at  right  end 


Section  of  a pipe,  modeled  with  ring  elements. 
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23.1  CYCLIC  SYI#«TRY  MODELS 

Many  structures*  including  pressure  vessels,  rotating  machines  and  antennae  for  space 
comnunlcatlons,  are  made  up  of  virtually  Identical  segments  that  are  synnetrically  arranged 
with  respect  to  an  axis.  There  are  two  types  of  cyclic  symmetry  as  shown  In  Figures  1 and  2: 
simple  rotational  symmetry*  In  which  the  segments  do  not  have  planes  of  reflective  symmetry 
and  the  boundaries  between  segments  may  be  general  doubly-curved  surfaces;  and  dihedral  symmetry* 
In  which  each  segment  has  a plane  of  reflective  symmetry  and  the  boundaries  between  segments  are 
planar.  The  use  of  cyclic  synmetr/  allows  the  user  to  model  only  one  of  the  Identical  sub- 
structures which  will  result  In  a large  saving  of  data  preparation  and  computer  time  for  most 
problems.  Table  1 summarizes  the  Bulk  Data  cards  of  special  relevance  to  cyclic  symnetry.  The 
theoretical  treatment  for  cyclic  symnetry  Is  given  In  Section  4.5  of  the  Theoretical  Manual. 

The  total  model  consists  of  N Identical  segments  which  are  numbered  consecutively  from  1 
to  N.  The  user  supplies  a NASTRAN^model  for  one  segment  using  regular  elwnents  and  standard 
modeling  techniques*  except  that*  grid  points  are  not  permitted  on  the  polar  axis.  All  other 
segments  and  their  coordinate  systems  are  automatically  rotated  by  the  program  to  equally 
spaced  positions  about  the  polar  axis.  The  boundaries  must  be  comformable.  I.e.*  the  segments 
must  coincide.  This  is  easiest  to  Insure  If  a’cylindrical  or  spherical  coordinate  system  Is 

used*  but  such  Is  not  required.  CTYPE  on  the  PARAM  card  Is  used  to  specify  either  rotational 

# 

symnetry  of  dihedral  symmetry.  The  number  of  segments,  N,  In  the  structural  model  Is  specified 
also  on  the  PARAM  card*  NSEGS.  As  Indicated  in  Figure  2,  dihedral  symmetry  provides  solutions  for 
each  segment  and  Its  reflected  Image.  This  requires  application  of  both  symmetric  and  antisym- 
metric boundary  conditions. 

In  rotational  symmetry  the  basic  transformation  equation  between  the  structure  segments 
n ■ 1*  2*  etc.*  and  the  harmonic  Indices  k « 0*  1,  2,  etc..  Is 

KMAX 

u"  » u®  ♦ [u*‘®cos(n-l)ka  + u*'*s1n(n-1  )ka]  (1) 

k-1 

where 

u®  Is  any  displacement,  load,  stress,  etc.,  on  the  n^^  segment  (n  ■ 1 ,2. ..NSEGS), 

u®  u*'®,  u*'*  are  the  corresponding  cyclic  coefficients  used  In  the  solution  which 
define  the  entire  structure. 
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k Is  the  cyclic  Index  (I.e..  KINOEX). 

KMAX  Is  the  limit  (KNAX  < 7)  of  k.  (If  ell  values  of  k are  used,  the  transfomatlon  Is 
exact).  ‘ ^ 

and 

a ■ ]||^|^  Is  the  circumferential  angle  for  each  segment. 

In  the  case  of  dihedral  symnetry.  the  repeated  segment  may  be  divided  Into  teo  half-segments 
divided  by  a plane  of  symmetry.  The  reason  for  using  dihedral  symnetry  Is  to  reduce  the  site  of 
the  model  by  one  half.  The  solution  Is  obtained  for  synmetrlc  motions  (S)  and  antisymmetric 
notions  (A)  of  the  right  half  segment  which  Is  the  one  to  be  modeled  by  the  user.  Thus,  for 

e 

each  cyclic  Index.  K.  four  coefficients  are  obtained  defining  the  variable,  n.  I.e..  u * > 

•kc  S A 

u * . u * . In  the  right  haiid  segment  the  terms  are  added 

Right  side:  u*'*  « ♦ u''***  (2) 

In  the  left  hand  mirror  Image  the  antisymmetric  solution  Is  subtracted. 

Left  Side:  u'‘*  « (3) 

The  two  boundaries  are  called  sides  1 and  2.  In  the  case  of  rotational  symmetry,  side  2 
of  segment  n Is  connected  to  side  1 of  segment  n-rl.  as  shown  In  Figure  1.  In  the  ca«e  of  dihedral 
symmetry,  side  I Is  on  the  boundary  of  the  segment  and  side  2 Is  on  the  plane  of  symnetry  fOr 
the  segment,  as  shown  In  Figure  2.  In  either  case  the  grid  point  numbers  on  sides  1 and  2 must 
be  specified  on  the  bulk  data  card,  CYJ0IN. 

No  restrictions  are  placed  on  the  use  of  the  single  point  constraint,  the  multi point  constraint, 
or  the  fMIT  feature  of  NASTRAN.  However,  the  constraints  are  assumed  to  be  the  sane  for  each 
segment.  Constraints  between  segments  are  automatically  applied  to  the  degrees  of  freedoav which 
arc  not  otherwise  constrained. at  grid  points  specified  on  CYJ0IN  bulk  data  cards.  The  SPCD  bulk 
data  card  may  be  used  to  vary  the  magnitude  of  enforced  displacements  for  each  of  the  segments. 

For  purposes  of  minimizing  matrix  bandwidth,  the  equations  of  the  solution  set  arc  normally 
sequenced  with  the  cosine  terms  alternating  with  the  sine  terms.  The  user  may  request  an  alter- 
nate sequence  on  the  PARAM  card.  CYSEQ.  which  orders  all  cosine  terms  before  all  sine  terms. 

The  latter  may  Improve  efficiency  when  all  of  the  Interior  points  have  been  omitted. 
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23.2  STATIC  ANALYSIS 

Static  loads  art  applied  to  the  structural  model  In  the  usual  way.  NASTRAN  assumes  that 
separate  subcases  are  defined  for  each  segment.  If  there  are  multiple  loads,  a set  of  sequential 
ordered  subcases,  one  subcase  per  load,  must  be  defined  for  each  segment  In  Case  Control.  In 
effect.  It  Is  as  each  segment  of  the  model  Is  treated  as  a separate  structure  with  Its  own  load. 
All  segments,  of  course,  must  have  the  same  number  of  consecutive  subcases,  one  for  each 
static  load  applied  to  the  whole  model.  In  the  case  of  rotational  symnetry,  there  will  be  a 
number  of  subcases  equal  to  the  number  of  segments  In  the  structural  model  times  the  number  of 
loading  conditions.  In  the  case  of  dihedral  symnetry,  there  will  be  twice  as  many  subcases 
as  for  rotational  symmetry  because  of  the  two  synnetric  components.  If  there  Is  more  than  a 
single  loading  condition,  the  number  of  loading  conditions  must  be  specified  on  the  PARAN  card, 
NLfAO. 

When  loadings  are  specified  In  this  manner,  by  physical  segment,  the  data  reduction  will 
also  be  done  In  terms  of  the  physical  segments.  All  the  normal  output  Is  available  by  segment 
and  loading  Including  structure  plots  plus  the  symnetrlcal  components  of  displacement.  Internal 
forces  and  stresses. 

An  alternate  procedure  for  specifying  the  static  loads  may  be  used  If  the  transformed  values 
of  the  forcing  functions  are  known.  In  this  case,  the  transformed  values  of  the  loads  are  speci- 
fied directly  on  the  usual  loading  cards.  The  PARAM  card.  CYCI0,  must  be  Included  In  the  Bulk 
Data  Deck  to  Indicate  that  cyclic  transform  representation  rather  than  physical  segment  repre- 
sentation Is  being  used  for  the  static  loads.  If  this  option  Is  used,  the  subcases  must  be 
ordered  according  to  the  sywetrlcal  components  with  the  cosine  cases  preceding  the  sine  cases 
for  each  symmetrical  component.  The  output  quantities  will  also  be  presented  In  terms  of  the 
synnetric  components. 

As  Indicated  In  the  Theoretical  Nanual,  Section  4.5,  the  cyclic  symnetry  uses  a finite 
Fourier  transformation.  Hence,  the  use  of  cyclic  symmetry  procedures  does  not  Introduce  any 
additional  approximations  beyond  those  normally  associated  with  finite  element  analysis.  In  the 
case  of  static  analysis,  a shortened  approximate  method  may  be  used  where  the  maxlmjm  value  of 
the  harmonic  Index  Is  specified  on  the  PARAM  card.  KMAX.  The  default  procedure  Is  U Include  all 
harmonic  Indices.  The  use  of  a smaller  number  of  harmonic  Indices  Is  similar  to  truncating  a 
Fourier  series.  The  stiffness  associated  with  the  higher  harmonic  Indices  tends  to  be  large, 
so  that  these  components  of  displacements  tend  to  be  small. 
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Th«  fMIT  feature  may  be  used  to  remove  all  degrees  of  freedom  at  Internal  grid  points  with- 
out any  loss  of  accuracy.  Since  this  reduction  Is  applied  to  a single  segment  prior  to  the 
symmetry  transformations.  It  can  greatly  reduce  the  amount  of  subsequent  calculation. 
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23.3  NOlWAL  NODES  ANALYSIS 

Mhtn  d1h«4r«1  syiMtry  1$  Involved  In  normal  modes  analysis,  only  the  modes  for  the  sym- 
metrical components  and  3*'***  are  obtained.  The  modes  for  the  other  two  terns  are  Identical 
and  correspond  to  a one-segment  rotation  of  the  structure. 

The  Fourier  transform  solutions  are  performed  separately  for  each  harmonic  Index.  The 
harmonic  Index  for  each  solution  Is  specified  on  the  PARAN  card,  KINDEX.  The  standard  restart 
procedures  can  be  used  to  calculate  vibration  modes  for  additional  harmonic  Indices.  Note, 
however,  that  no  provision  Is  made  to  recover  solution  data  In  terms  of  the  physical  segment. 

The  INIT  feature  Is  used  In  the  usual  way  to  reduce  the  size  of  the  analysis  set  and  Involves 
the  usual  approximations.  The  SUPfRT  card  for  free  bodies  cannot  be  used  with  cyclic  symnetry. 
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23.4  CYCLIC  SYMMETRY  EXAMPLE 

An  example  to  illustrate  the  handling  of  cyclic  syiwietry  by  Rigid  Format  14  is  presented. 

toother  orohlM,  proc«s.d  by  R<,KI  fon»t  15  «y  b<  tomi  1o  the  KASTKAh  D«ohstr,t10h  ProbiM, 
Manual. 

23.4.1  Description 

A consunt  thtctnoss  clroulhr  plate  alth  tlx  radial  atiffeners  aod  a central  hole,  shown 
in  ribore  3 is  analyted  nsin,  dihedral  sy»etry.  The  plat,  is  sobJect«l  to  a onifon,  pressor, 
load  applied  over  a 60*  segment  of  the  plate. 

The  finite  element  model  Is  shown  In  Figure  4.  The  stringers  are  60*  apart  but  only  30* 
of  the  structure  needs  to  be  iwdeled  when  using  the  dihedral  symmetry  option.  There  are  12 
subcases  since  these  are  two  half  segments  In  a 60*  segment  and  only  one  loading  condition.  The 
CYJ0IN  bulk  data  card  defines  those  points  in  the  moddle  of  the  segment  {SIOE  2)  and  those 
points  on  the  boundary  between  segments  (SIDE  1). 

23.4.2  Input 
Parameters : 

Rjj  " 1.0  (outside  radius) 

■ .14  (Inside  radius) 
t * .01  (plate  thickness)  , 
a « .06  (height  and  width  of'itiffeners) 

E * 10.6  X 10*  (modulus  of  elasticity) 

V * .325  (Poisson's  ratio) 

Boundary  Conditions: 

Ur  “ % - • 0 (all  points) 

Uj  » 6r  ■ 0 (along  r « 1.0) 

Applied  loads:: 

Pressure  ■ 200,0  between  o • 80*  and  120* 

Cyclic  symmetry  parameters: 

CTYPE  • DRL 
KMAX  - 2 
NSEGS  - 6 
KIOAO  « 1 
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23.4.3  Results 

The  structure  can  be  analyzed  using  rotational  symatry  or  dihedral  synaetry  described 
here  and  the  results  will  be  Identical.  The  results  for  the  nonaa'I  dlsplaceaents  are  given  In 
table  1 for  r « 0.46. 


23.4.4  Driver  and  Sample  Bulk  Data 


Note: 

Only  one  data  card  of  each  type  Is 

listed  to  Illustrate  Its  use. 

Card 

No. 

ID  DEMI 4011.  NASTRAN 

2 

APR  DISPLACEMENT 

3 

S0L  14.0 

4 

TIME  5 

5 

OIAG  8 

6 

CEND 

7 

TITLE  - STATIC  ANALYSIS  gp  A CIRCULAR  PLATE 

8 

SUBTITLE  « NASTRAN  OEMgNSTRATIfN  PR#BLEN  Nf.  14-1-1 

9 

LABEL  « DIHEDRAL  CYLCIC  SYMMETRY 

10 

SPS  - 101 

11 

gUTPUT 

12 

gLgAD  > ALL 

13 

OISP  » ALL 

14 

SPCF  - ALL 

15 

SUBCASE  1 

16 

LABEL  - SEGMENT  1 RIGHT 

17 

SUBCASE  2 

18 

LABEL  * SEGMENT  1 LEFT 

19 

SUBCASE  3 

20 

LABEL  « SEGMENT  2 RIGHT 

21 

LgAD  » 102 

22 

SUBCASE  4 

23 

24 

25 

LABEL  • » SEGMENT  2 LEFT 

L0AD  o 102 
SUBCASE  5 

26 

LABEL  > SEG1CNT  3 RIGHT 

27 

SUBCASE  6 

28 

LABEL  * SEGMENT  3 LEFT 

29 

SUBCASE  7 

30 

LABEL  « SEGMENT  4 RIGHT 

31 

SUBCASE  8 

32 

LABEL  - SEGMENT  4 LEFT 

33 

SUBCASE  9 

34 

LABEL  - SEGMENT  5 RIGHT 

35 

SUBCASE  10 

36 

LABEL  « SEGMENT  5 LEFT 

37 

SUBCASE  11 

38 

LABEL  > SEGMENT  6 RIGHT 

39 

SUBCASE  12 

• 

40 

LABEL  » SEGMENT  6 LEFT 

41 

BEGIN  BULK 
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Card 

No. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

42 

CBAR 

1 

1 

10 

20 

.0  '• 

.0 

1. 

1 

43 

CNGRNT 

10 

11 

44 

C0RO2C 

1 

0 

.0 

.0 

.0 

.0 

.0 

1. 

+C1 

45 

♦Cl 

1. 

.0 

.0 

46 

10 

1 

10 

11 

21 

20 

47 

CVJ0IN 

1 

C 

10 

20 

30 

40 

50 

.60 

CYC  SYM 

48 

QRDSET 

1 

49 

GRID 

10 

1.0 

.0 

.0 

50 

HATl 

1 

10.6+6 

.325 

2.59-4 

12.9-6 

51 

PARAM 

CTYPE 

DRL 

CYC  SYM 

52 

PBAR 

1 

1 

1.8-3 

5.4-7 

5.4-7 

1.0-6 

+PB1 

53 

+PB1 

.0 

.03 

.03 

.0 

.03 

.03 

.03 

1 

b 

fjj 

54 

PLBA02 

102 

200. 

10 

20 

30 

40 

50 

55 

SPCl 

no 

12346 

10 

11 

12 

56 

57 

SPCADD 

ENODATA 

101 

no 

112 

1 

Data  Deck  Notes 

Card 

No. 


3 The  S0L  card  references  Rigid  Format  14,  which  is  a special  set  of  OMAP  instruc- 
tions for  static  analysis  using  cyclic  symmetry. 

47  The  CYJ0IN  card  is  used  only  for  cylcic  symmetry  problems.  It  defines  the 
boundary  points  of  a segment  of  a structural  model. 

51  The  CTYPE  parameter  is  required  for  Rigid  Fonnats  14  and  15.  The  value  of 
the  parameter  defines  the  type  of  cyclic  symmetry. 
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Tdbl«  1.  Bulk  D«t«  Cards  of  Special  Rtitvanct  to  Cyclic  SiMMtry 

cyjflN  Boundary  points  of  a s«9ntnt 

PARAM(CTYPE)  Defines  the  type  of  cyclic  syimetry  (required) 

PARAM(N$I6S)  Number  of  Identical  segments  In  the  model  (required) 

PARAH(NLBAD)  Number  of  static  loading  conditions  (optional  In  static 

analysis) 

PARAM(CYCIB)  Form  of  Input  and  output  data  (optional  In  static  analysis) 

PARAM(CYCSEQ)  Procedure  for  sequenclnq  the  equations  In  the  solution 
set  (optional) 

PARAM(KNAX)  Maximum  value  of  the  hanmnic  Index  (optional  In  static 
(analysis) 

PARAM(klNOtx)  Specified  a single  value  of  the  harmonic  Index  (required 
In  normal  modes  analysis) 
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TmU  2.  OltpUcvMHtU  of  CIrcuUr  Platt  Undtr  Prtaturt  Load  at  r • 0.46 


e 

01 HE ORAL 
HETHOO 

Subcast  Grid 

Valut 

0 

1 

30 

1.365 

IS 

1 

31 

1.379 

30 

1 

32 

2 

32 

4S 

2 

31 

1.41? 

6u 

2 

30 

3 

30 

1.430 

75 

3 

31 

1.464 

90 

3 

32 

4 

32 

1.484 

lOS 

4 

31 

\20 

4 

30 

5 

30 

1.430 

135 

S 

31 

1 .412 

ISO 

5 

32 

6 

^2 

1 . 396 

165 

6 

il 

1.379 

m 

6 

30 

7 

30 

1 . 365 

H5 

7 

31 

1.359 

210 

7 

32 

8 

3? 

1 . 354 

??5 

8 

31 

1.349 

?40 

8 

30 

9 

30 

1 . 345 

?55 

9 

31 

1.344 

?;o 

9 

3? 

10 

3? 

1 . 345 

?85 

10 

31 

1,344 

300 

10 

30 

11 

30 

1 .345 

315 

11 

31 

1 . 349 

330 

11 

3? 

1? 

32 

1 . 354 

345 

1? 

31 

1 3S9 

36C 

1? 

30 

1 365 
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Seomtnt  2 


Conforw«b1e  Interface 


1. 

2. 

3. 


The  user  node Is  one  segment. 


fach  segment  has 


its  own  coordinate  system  which  rotates  with  the  segment 


Segrent  boundaries  may  be  curved  surfaces.  The  local 
coordinate  systems  must  confern  at  the  joining  points, 
a paired  list  of  points  on  Side  1 and  Side  2 which  are 


displacenent 
The  user  gives 
to  be  joined. 


figure  ].  Rotational  symnetry. 
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r 

! 


S«9Mnt  2L  S«9Mnt  2R 


1.  Tht  ustr  modtls  one-h*lf  segmtnt  (<n  R segmtnt).  Tht  L half  svgntntt 
art  ntrror  Imaqts  of  the  R htif  segments. 

2.  Eech  helf  seginent  hes  Its  own  coordinate  system  which  rotates  with  the 
serrent.  The  L half  segments  use  left  hand  coordinate  systems. 

3.  Segment  boundaries  must  be  planar.  Local  displacement  systems  axes* 
asswcUted  with  Inter-segment  boundaries,  must  be  In  the  plane  or 
normal  to  the  plane.  The  user  lists  the  points  on  Side  1 and  Side  2 
which  are  to  be  Joined. 


Figure  2.  Dihedral  syinetry. 

•V., 

23.4-7 


Ik 


f 


CVaiC  SYMMETRY  MODELING 


1 

T 


c 


K.06-H 


1 C 

Section  A-A 


Figure  3.  Circular  plate  with  stiffeners 
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24.1  SOLUTION  OF  THE  FLUID  MODEL 


The  NASTRAN  hydroelastic  option  allows  the  user  to  solve  a wide  variety  of  fluid  problems 
having  structural  Interfaces,  compressibility,  and  gravity  effects.  A complete  derivation  of  the 
NASTRAN  model  and  an  explanation  of  the  assumptions  are  given  In  the  Theoretical  Manual,  Section 
16.1.  The  Input  data  and  the  solution  logic  have  many  similarities  to  those  of  a structural  model. 
The  Bulk  Data  cards  of  special  relevance  to  hydroelastic  analysis  are  listed  in  Table  1.  The 
standard  normal  modes  analysis,  transient  analysis,  complex  eigenvalue  analysis,  and  frequency 
response  solutions  are  available  with  minor  restrictions.  The  differences  between  a NASTRAN 
fluid  model  and  an  ordinary  structural  problem  are  due  to  the  physical  properties  of  a fluid, 
which  are: 

1.  The  Independent  degrees  of  freedom  for  a fluid  are  the  Fourier  coefficients  of  the 
pressure  function  (i.e.,  "harmonic  pressures")  In  an  axisynrietric  coordinate  system. 

The  Indpendent  degrees  of  freedom  for  a structure  are  typically  displacements  and 
rotations  at  a physical  point  In  space. 

2.  Much  like  the  structural  model,  the  fluid  data  will  produce  "stiffness"  and  "mass" 
equivalent  matrices.  Because  they  now  relate  pressure  and  flow  Instead  of  displace- 
ment and  force,  their  physical  meaning  Is  quite  different.  The  user  may  not  apply 
loads,  constraints,  or  sequencing,  directly  on  the  fluid  points  involved.  Instead, 
the  user  supplies  Information  related  to  the  boundaries  and  NASTRAN  generates  the 
correct  constraints,  seqijencing,  and  matrix  terms  Internally.  Indirect  methods, 
however,  are  available  to  the  user  for  utilizing  the  internally  generated  points 

as  normal  grid  or  scalar  points.  See  Section  24.4  for  the  Identification  code. 

3.  When  a physical  structure  Is  to  be  connected  the  fluid,  the  user  supplies  a list 
of  fluid  points  and  a related  list  of  special  structural  grid  points  and  NASTRAN 
produces  the  unsymmetric  matrix  terms  which  define  the  actual  physical  relations. 

A special  provision  Is  Included  In  NASTRAN  for  the  structure  which  has  planes  of 
symmetry.  The  user  may.  If  he  wishes,  define  only  a section  of  the  boundary  and  solve 
his  problem  with  symmetric  or  antisymmetric  constraints.  The  fluid-structure  Inter- 
face will  take  the  missing  sections  of  structural  boundary  Into  account. 
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4.  Because  of  the  special  nature  of  fluid  problems,  various  user  convenience  options 
are  absent.  The  fluid  elements  and  harmonic  pressures  may  not  be  included  in  the 
structural  plots  at  present.  Plotting  the  harmonic  pressures  versus  frequency  or 
time  may  not  be  requested  directly.  Because  mass  matrix  terms  are  automatically 
generated  if  compressibility  or  free  surface  effects  are  present,  the  weight  and 
C.6.  calculations  may  not  be  correct  and  should  be  avoided  if  fluid  elements  are 
present.  Also,  the  Inertia  Relief  Rigid  Format  uses  the  mass  matrix  to  produce  inter- 
nal loads  and  if  fluids  are  Included,  the  special  fluid  terms  in  the  mass  matrix 
may  produce  erroneous  results. 

In  spite  of  the  numerous  differences  between  a NASTRAN  structural  model  and  a NASTRAN 
fluid  model,  the  similarities  allow  the  user  to  formulate  a model  with  a minimum  of  data  prepara- 
tion and  to  obtain  efficient  solutions  to  large  order  problems.  The  similarities  of  the  fluid 
model  to  the  NASTRAN  structural  model  are: 

1.  The  fluid  is  described  by  points  in  space  and  finite  element  connections.  The  locations 
of  the  axisymmetric  fluid  points  are  described  by  rings  (RIN6FL)  about  a polar  axis, 
much  like  the  axisynmetric  conical  shell.  The  rings  are  connected  by  elements 
CFLUIDi)  which  have  the  properties  of  density  and  bulk  modulus  of  compressibility. 

Each  fluid  ring  produces  internally  a series  of  NASTRAN  scalar  points  which  represent 
"harmonic  pressures"  p^  and  p”*.  The  pressure  function  p(4>)  is  defined  by  the  following 
equation: 


N N 

p(i>)  * P**  + ^^\p"  cos  sin  0 <N  < 100 

Mhere  tNs  set  of  harmonics  0,  n and  n*  are  selected  by  the  user.  If  the  user  desires 
the  output  of  pressure  at  specific  points  on  the  circular  ring,  he  may  identify  them 
as  "pressure  points"  (PRESPT)  by  giving  a point  number  and  an  angle  on  a specified 
fluid  ring.  The  output  data  will  have  the  values  of  pressure  at  the  angle, , given 
in  the  above  equation.  The  output  of  free  surface  displacements  normal  to  the  surface 
(FREEPT)  also  available  at  specified  angles, 

2.  The  input  da  to  NASTRAN  may  include  all  of  the  existing  options  except  axisymnetric 
structural  element  data.  All  of  the  existing  case  control  options  may  be  included 
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with  the  addition  of  source  fluid  case  control  requests.  The  case  control  card 
option.  "AXISYM»FLUID"  Is  necessary  when  any  harmonic  fluid  degrees  of  freedom  ere 
Included.  All  of  the  structural  element  and  constraint  data  may  be  used  (but  not 
connected  to  RINSFL,  PRESPT,  or  FREEPT  flulc  points).  The  structure-fluid  boundary 
Is  defined  with  the  aid  of  special  grid  points  (GRIDB)  which  may  be  used  for  any 
purpose  that  a structural  grid  point  Is  presently  used. 

3.  The  output  data  options  for  the  structural  part  of  a hydroelastic  model  are  unchanged 
from  the  existing  NASTRAN  options.  The  output  values  for  the  fluid  will  be  produced 
In  similar  format  as  the  displacement  vectors  with  modifications  for  the  harmonic 
data.  Printed  output  for  the  fluid  may  Inc'ude  both  real  and  complex  values.  Pres- 
sures and  free  surface  displacements,  and  their  velocities  and  accelerations,  may  be 
printed  with  the  same  request  (the  case  control  request  PRESSURE»SET  Is  equivalent 
to  0ISP»SET)  as  structural  displacements,  velocities  and  accelerations.  Structural 
plots  are  restricted  to  GRID  and  GRIDB  points  and  any  elements  connected  to  them. 

X-Y  plot  and  Random  Analysis  capabilities  are  available  for  FREEPT  and  PRESPT  points 
if  they  are  treated  as  scalar  points.  The  RINGFL  point  Identification  numbers  may 
not  be  ised  In  any  plot  request.  Instead,  the  special  Internally  generated  points 
used  for  harmonics  may  be  requested  In  J-V  plots  and  Random  Analysis.  See  Section  24.4 
for  the  Identification  numbering  code.  No  element  stress  or  force  data  Is  produced 
for  the  fluid  elements.  As  in  the  axisymmetric  conical  shell  problem,  the  case  control 
request  URMpNlCS^N  Is  used  to  select  up  to  the  Nth  harmonic  for  output. 
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24.2  HVOROELASTIC  INPUT  DATA 

A nurtber  of  special  NASTRAN  bulk  data  cards  are  required  for  fluid  aniaysis  prob1e«s.  These 
cards  are  compatible  with  structural  NASTRAN  data.  A brief  description  of  the  uses  for  each  bulk 

data  card  follows. 

AXIF 

This  card  controls  the  formulation  of  the  axisymnetric  fluid  problem.  It  is  required  card 
if  any  of  the  subsequent  fluid-related  cards  are  present.  The  data  references  a fluid-related 
coordinate  system  to  define  the  axis  of  symnetry.  The  gravity  parameter  is  Included  on  this 
card  rather  than  on  the  GRAV  card  because  the  direction  of  gravity  must  be  parallel  to  the  axis 
of  symnetry.  For  convenience,  the  values  of  density  and  bulk  clastic  modulus  may  also  be  input 
on  this  card  in  the  event  that  these  properties  are  constant  throughout  the  fluid.  A list  of 
harmonics  and  the  request  for  the  nonsyrametric  (sine)  coefficients  are  included  on  this  card  to 
allow  the  user  to  select  any  of  the  harmonics  without  producing  extra  matrix  terms  for  the 
missing  harmonics.  A change  in  this  list,  however,  will  force  the  RESTART  logic  to  start  at 
the  beginning  of  the  problem. 

RIN6FL 

The  geometry  of  the  fluid  model  about  the  axis  of  symmetry  is  defined  with  the  aid  of  these 
data  cards.  The  RINGFL  data  cards  serve  somewhat  the  same  function  for  the  fluid  as  the  GRID 
cards  serve  for  the  structure.  In  fact,  each  RINGFL  card  will  produce  a special  grid  point 
internally  for  each  of  the  various  harmonics  selected  on  the  AXIF  data  card.  These  internally 
generated  points  may  not  be  connected  directly  to  normal  NASTRAN  structural  elements  (see  6R10B 
and  BOYLIST  data  cards),  nor  may  constraints  be  applied  directly  to  RINGFL  fluid  points. 

CFLUIDi 

The  data  on  these  cards  are  U!»ed  to  define  a voltane  of  fluid  bounded  by  the  referenced 
RINGFL  points.  The  volume  is  called  an  element  and  logically  serves  the  same  purpose  as  a 
structural  finite  element.  The  physical  properties  (density  and  bulk  modulus)  of  the  fluid 
element  may  be  defined  on  this  card  if  they  are  variables  with  respect  to  the  geometry.  If  a 
property  is  not  defined,  the  default  values  on  the  AXIF  card  are  asswed.  Two  connected  circles 
(RINGFL)  are  used  to  define  fluid  elements  containing  the  axis  of  syemetry.  A choice  of  three 
or  four  points  is  available  in  the  remainder  of  the  fluid. 
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GRioe 

This  card  provides  an  alternate  to  the  GRID  card  by  defining  of  structural  grid  points 
Indirectly  as  a location  on  a fluid  ring.  It  Is  used  to  Identify  the  structural  grid  point 
with  a particular  RINGFL  fluid  point  for  hydroelastic  problems.  The  particular  purpose  for 
this  card  Is  to  force  the  user  to  place  structural  boundary  points  In  exactly  the  same  locations 
as  the  fluid  points  on  the  boundary.  The  format  of  the  GRIOB  card  Is  Identical  to  the  format 
of  the  GRID  card  except  that  one  additional  field  is  used  to  Identify  the  corresponding  RINGFL 
point.  The  6RDSET  card,  however,  for  GRIDS  data  does  not  supply  defaults. 

If  the  user  desires,  he  may  use  GRIDS  cards  without  a fluid  model.  This  Is  convenient  In 
case  the  user  wished  to  solve  his  structural  problem  first  and  to  add  the  fluid  effects  later 
without  converting  GRID  cards  to  GRIDS  cards.  The  referenced  RINGFL  point  must  still  be 
Included  In  a boundary  list  (BOYLIST),  see  below,  and  the  AXIF  card  must  always  be  present  when 
GRIDS  cards  are  used.  (The  fluid  effects  are  eliminated  by  specifying  no  harmonics  on  the 
AXIF  card. 

FREEPT,  PRESPT 

These  cards  are  used  to  define  points  on  a free  surface  for  surface  displacement  output 
and  pressure  output  for  points  in  the  fluid.  No  constraints  may  be  applied  to  these  points. 

Scalar  elements  and  direct  matrix  data  may  be  connected  to  these  points,  but  since  the  generalized 
displacements  actually  represent  pressures,  the  physical  meaning  of  the  elements  will  be  different 
than  In  the  structural  sense. 

FSLIST,  SDYLIST 

The  purpose  for  these  cards  is  to  allow  the  user  to  define  the  boundaries  of  the  fluid 
with  a complete  freedom  of  choice.  The  FLIST  card  defines  a list  of  fluid  points  which  lie 
on  a free  surface.  The  SDYLIST  data  Is  a list  of  fluid  points  to  which  structural  GRIOB  points 
are  connected.  Points  on  the  boundary  of  the  fluid  for  which  SPC,  SDYLIST  or  FSLIST  data 
are  not  defined  are  assumed  to  be  rigidly  restrained  from  motion  In  a direction  normal  to 
the  surface. 

With  both  of  these  lists  the  sequence  of  the  listed  points  determines  the  nature  of  the 
boundary.  The  following  directions  will  aid  the  user  In  producing  a list. 

1.  Draw  the  z axis  upward  and  the  r axis  to  the  right.  Plot  the  locations  of  the  fluid 
points  on  the  right  hand  side  of  z. 
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2.  If  one  Imagines  himself  traveling  along  the  free  surface  or  boundary  with  the  fluid  on 
his  right  side*  the  sequence  of  points  encountered  is  used  for  the  list.  If  the  sur- 
face or  boundary  touches  the  axis,  the  word  "AXIS"  is  placed  in  the  list.  "AXIS" 

may  be  used  only  for  the  first  and/or  last  point  in  the  list. 

3.  The  free  surface  must  be  consistent  with  static  equilibrium.  With  no  gravity  field, 
any  free  surface  consistent  with  axial  symmetry  is  allowed.  With  gravity,  the  free 
surface  must  be  a plane  perpendicular  to  the  z axis  of  the  fluid  coordinate  system. 

4.  Multiple  free  surface  lists  and  boundary  lists  are  allowed.  A fluid  point  may  be 
included  in  any  number  of  lists. 

Figure  1 illustrates  a typical  application  of  the  free  surface  and  structural  boundary 
lists. 

FLSYM 

This  card  allows  the  user  the  option  of  modeling  a portion  of  the  structure  with  planes 
of  synmetry  containing  the  polar  axis  of  the  fluid.  The  first  plane  of  symmetry  is  assumed 
at  <))  = 0.0  and  the  second  plane  of  sy-rnsnetry  is  assumed  at  4>  = 360°/M  where  M is  an  integer 
specified  on  the  card.  Also  specified  are  the  types  of  symmetry  for  each  plane,  symmetric 
(S)  or  antisymmetric  (A).  The  user  must  also  supply  the  relevant  constraint  data  for  the 
structure.  The  solution  if  performed  correctly  only  for  those  harmonic  coefficients  that  are 
compatible  with  the  symmetry  conditions  as  illustrated  in  the  following  example  for  quarter 
symmetry,  M = 4. 


Series 

Plane 

1 

Plane 

S 

A 

Cosine 

S 

0,2,4,... 

1,3,5,... 

A 

none 

none 

Sine 

S ^ 

none 

none 

(*) 

A 

1,3,5,... 

2,4,6,... 

DM1  AX 

These  cards  are  used  for  Direct  Matrix  Input  for  special  purposes  such  as  surface  friction 
effects.  They  are  equivalent  to  the  OMIG  cards,  the  only  difference  being  the  capability  to 
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th.  h«™.c  »«6.rs  for  th.  »,r«s  of  fr«do..  A «trt.  b.  Ooflol  .dtt 
WI6  or  ONIAX  cards,  but  not  with  both. 
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24.3  RIGID  FORMATS 

The  cherocterlstlcs  of  the  fluid  analysis  problems  j»h1ch  cause  restrictions  on  the  type  of 
solution  are: 

1.  The  fluid-structure  Interface  Is  mathematically  described  by  a set  of  unsymettrlc 
matrices.  Since  the  first  six  Rigid  Formats  are  restricted  to  the  use  of  symmetric 
matrices*  the  fluid-structure  boundary  Is  Ignored.  Thus*  for  any  of  these  Rigid 
Formats  the  program  solves  the  problem  for  a fluid  In  a rigid  container  with  an 
optional  free  surface  and  an  uncoupled  elastic  structure  with  no  fluid  present. 

2.  No  means  are  provided  for  the  direct  input  of  applied  loads  on  the  fluid.  The  only 
direct  |»ans  of  exciting  the  fluid  Is  through  the  structure-fluid  boundary.  The 
fluid  problem  may  be  formulated  In  any  Rigid  Format*  however*  only  some  will  provide 
non-trivlal  solutions. 

The  suggested  Rigid  Formats  for  the  analysis  of  axisymmetric  fluids  and  the  restrictions 
on  each  are  described  below: 

Rigid  Format  No.  3 • Normal  Modes  Analysis 

The  modes  of  a fluid  in  a rigid  container  may  be  extracted  with  a conventional  solution 
request.  Free  surface  effects  with  or  without  gravity  may  be  accounted  for.  Any  structure 
data  In  the  deck  will  be  treated  as  a disjoint  problem.  (The  structure  may  also  produce 
normal  modes.)  Normalization  of  the  eigenvectors  using  the  P0INT  option  will  cause  a fatal 
error. 

Rigid  Format  No.  7 - Direct  Complex  Eigenvalue  Analysis 

The  coupled  modes  of  the  Fiuiq  and  structure  must  be  solved  with  this  Rigid  Format.  If 

no  damping  or  direct  Input  matrices  are  added*  the  resulting  complex  roots  wlll^be  purely 
Imaginary  numbers,  whose  values  arethe  natural  frequencies  of  the  system.  The  mode  shape  of 
the  combination  may  be  normalized  to  the  maximum  quantity  (harmonic  pressure  or  structural 
displacement)  or  to  a specified  structural  point  displacement. 

Rigid  Format  No.  8 • Direct  Frequency  and  Random  Response 

This  solution  may  be  used  directly  If  the  loads  are  applied  only  to  the  structural  points. 
The  use  of  overall  damping  (parameter  g ) Is  not  recommended  since  the  fluid  matrices  derived 
would  not  have  physical  significance.  Output  restrictions  are  listed  on  page 
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).  Appiltd  1o«d(  and  Initial  conditions  art  only  givtn  to  the  structural  points. 

1.  All  quantities  art  measured  relative  to  static  equilibrium.  The  Initial  values 
of  the  pressures  are  assumed  to  be  at  equilibrium. 

3.  Overall  structural  damping  parameters  and  g should  not  be  used. 


Rigid  Formats  10.  11.  and  1?  - Hodal  Formulations 

Although  these  Rigid  Formats  may  be  used  to  solve  fluid  dynamics  problems,  their  practi- 
cality Is  limited.  The  modal  coordinates  used  to  formulate  the  dynamic  matrices  will  be  the 
normal  modes  of  both  the  fluid  and  the  structure  solved  as  uncoupled  systems.  Even  though 
the  range  of  natural  frequencies  would  be  typically  very  different  for  the  fluid  than  for  the 
structure,  NASTRAN  will  select  both  sets  of  modes  from  a given  fixed  frequency  range.  The 
safest  method  with  the  present  system  Is  the  extraction  of  all  modes  for  both  systems  with 
the  Tridiagonal liatlon  Hethod.  This  procedure,  however,  results  In  a dynamic  system  with 
large  full  matrices.  The  Direct  Formulation  would  be  more  efficient  In  that  case.  At  present, 
the  capability  for  fluid-structure  boundary  coupling  Is  not  provided  with  Rigid  Formats  10,  11, 
and  12.  However,  the  capability  may  be  provided  by  means  of  ALTERS  using  the  same  logic  as 
In  the  direct  formulations. 
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24.4  HYOROELASTIC  DATA  PROCESSING 

Th*  fluid  related  data  cards  submitted  by  the  user  are  processed  by  the  NASTRAN  preface 
module  to  produce  equivalent  grid  point,  scalar  point,  element  connection,  and  constraint  data 
card  Images.  Each  specified  harmonic.  M.  of  the  Fourier  series  solution  produces  a complete 
set  of  special  grid  and  connection  card  Images.  In  order  to  retain  unique  Internal  Identifl* 
cation  numbers,  the  user  Identification  numbers  are  encoded  according  to  the  algorithm  below: 

RINGFL  points: 

NASTRAN  grid  Id.  « User  ring  Id.  ♦ 1,000.000  x I„ 

n 

Mhere 

* N ♦ 1 cosine  series 
I|^  ■ N 1/2  sine  series 

NASTRAN  element  Id,  * User  element  Id.  ^ 1000  x L. 

N 

where  Is  defined  above  for  each  harmonic  N. 

For  example.  If  the  user  requested  all  harmonics  from  zero  to  two.  Including  the  s1ne(*) 
series,  each  RINGFL  card  will  produce  five  special  grid  cards  Internally.  If  the  user's  Identi* 
ficatlon  number  (in  field  2 of  the  RINGFL  data  card)  were  37,  the  internally  generated  grid 
points  would  have  the  following  identification  numbers: 


HarmoMj: 

Id. 

0 

1.000,037 

1 ,500,037 

1 

2.000.037 

2* 

2,500.037 

2 

3,000.037 

These  equivalent  grid  points  are  resequenced  automatically  by  NASTRAN  to  be  adjacent  to  the 
original  RINGFL  identification  number.  A RINGFL  point  nwy  not  be  resequenced  by  the  user. 

The  output  from  matrix  printout,  table  printout,  and  error  messages  will  have  the  fluid 
points  labeled  in  this  form.  If  the  user  wished,  he  nwy  use  these  numbers  as  scalar  points 
for  Random  Analysis,  X-Y  plotting,  or  for  any  other  purpose. 
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In  addition  to  the  multiple  sets  of  points  and  connection  cards,  the  NASTRAN  perface  alto 
may  gen^i^ate  constraint  sets.  For  example.  If  a free  surface  (FSLIST)  Is  specified  In  a lero- 
gravlty  field,  the  pressures  are  constrained  by  NASTRAN  to  zero.  For  this  case  the  Internally 
generated  set  of  single  point  constraints  are  Internally  combined  with  any  user  defined  struc* 
tural  constraints  and  will  always  be  selected  automatically. 

If  pressures  at  points  In  the  fluid  (PRESPT)  or  gravity-dependent  normal  displacements  on 
the  free  surface  (FREEPT)  are  requested,  the  program  will  convert  them  to  scalar  points  and 
create  a set  of  multipoint  constraints  with  the  scalar  points  as  dependent  variables.  The 
constraint  set  will  be  internally  combined  with  any  user  defined  sets  and  will  be  selected 
automatical 1y . 

The  PRESPT  and  FREEPT  scalar  points  may  be  used  as  normal  scalar  points  for  purposes  such 
as  plotting  versus  frequency  or  time.  Although  the  FREEPT  values  are  displacements,  scalar 
elements  connected  to  them  will  have  a different  meaning  than  in  the  structural  sense.  Any 
restrictions  on  their  motion  will  negate  their  basic  definition. 
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24.5  HYDROELASTIC  SMPLE  PROBLEM 
24.5.1  D>tcr1Pt1oi> 

Section  24.5.2  lists  tht  dots  dKk  for  a SMpIt  Kydroolostic  prolboa.  Ftguros  1 and  2 
describe  the  probleta  and  list  the  paraaeters  of  the  Model.  The  relatively  sa«11  neaber  of 
grid  points  were  chosen  to  keep  the  problea  s1ap1e»  not  for  accuracy.  Structural  data  cards 
are  Included  In  their  standard  formats.  Explanations  for  key  Case  Control  and  Bulk  Data  cards 
are  given  In  the  folloNing  notes: 

1.  The  "AXlSYM-auiO"  card  Is  necessary  to  control  the  constraint  set  selections  and  the 

output  formats  for  a fluid  problem.  It  must  appear  above  the  subcase  level. 

2.  "DISPLACEMENT-"  and  "PRESSURE-"  case  control  cards  are  pseudonyms.  "OISP-ALL"  will 

produce  all  structure  displacements,  free  surface  displacements,  and  all  fluid 
pressure  values  In  the  output.  The  "HARMBNICS-"  control  Is  a Halt  on  the  harmonic 
data  and  has  the  same  funcf.on  as  In  an  ax  1 symmetrical  conclal  shell  problea.  • 

3.  The  AXIF  card  defines  the  existence  of  a hydroelastic  problem.  It  Is  used  to  define 

overall  parameters  and  select  the  harmonic  degrees  of  freedom.  N-1  and  N-2. 

4.  The  RIN6FL  cards  define  the  five  points  on  the  fluid  cross  section. 

5.  The  CFLUI01  cards  are  used  to  define  the  volume  of  the  fluid  as  finite  elements 
connected  by  the  RINGFL  points.  Since  parameters  p and  B are  missing,  the  default 
values  on  the  AXIF  card  will  be  used. 

6.  The  FSLIST  card  Is  used  to  define  the  free  surface  at  2 - 10.0.  The  density  factor, 
p.  Is  placed  on  the  card  In  this  case.  If  blank,  the  default  value  on  the  AXIF  card 
Is  used. 

7.  The  fluid-structure  boundary  Is  defined  on  the  BOYLIST  card.  The  AXIF  default 
density  Is  used. 

8.  The  GRIDB  cards  define  the  structure  points  on  the  fluid  boundary.  Points  #3  through 
16  are  connected  to  the  #2  fluid  ring.  The  rotation  In  the  r direction  ("4"  In 
field  8)  Is  constrained. 
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9.  The  fact  that  one*quarter  symaetry  was  used  for  the  structure  requires  the  use  of 
the  FLSYM  card.  Syimetrlc-Antlsyiiiiietrlc  boundaries  Indicate  that  only  the  cosine 
terms  for  the  odd  harmonics  will  Interact  with  the  structure.  If  Symmetric-Symmetric 
boundary  conditions  were  chosen  on  the  FLSYN  data  card,  only  the  even  harmonics  of 
the  cosine  series  would  Interact  with  the  structure. 


24.5.2  Driver  Deck  and  Bulk  Data  Listing 


Card 

No. 


1 

ID 

HYDRO .USER 

2 

APP 

DISP 

3 

SBL 

7.0 

4 

TIME 

2 

5 

CEND 

6 TITLE  - SAMPLE  HYDRPCLASTIC  PROBLEM 

7 SUBTITLE  - EIGENVALUE  ANALYSIS  WITH  FLEXIBLE  BOUNDARY 

8 AXISYM-FLUID 

9 SPC  « 3 

10  CMETHBO  - 1 

11  BUTPUT 

12  DISP  - ALL 

13  HARMINICS  • ALL 

14  ELFBRCE  « ALL 

15  BEGIN  BULK 


BULK  DATA  FIELD 


24.5-2 


HYDROELASTIC  SAMPLE  PROBLEM 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

29 

6RI0B 

3 

0.0 

2 

4 

2 

30 

ORIOe 

4 

30.0 

2 

4 

2 

31 

6RI0B 

5 

60.0 

2 

4 

2 

32 

GRIDB 

6 

90.0 

2 

4 

2 

33 

GRIDB 

9 

0. 

2 

8 

34 

GRIDB 

10 

30. 

2 

8 

35 

GRIDB 

11 

60. 

2 

8 

36 

GRIDB 

12 

90. 

2 

8 

37 

GRIDB 

14 

0. 

2 

13 

38 

GRIDB 

15 

30. 

2 

13 

39 

GRIDB 

16 

60. 

2 

13 

40 

GRIDB 

17 

90. 

2 

13 

41 

CQUA02 

10 

11 

3 

9 

10 

4 

42 

CQUA02 

11 

11 

4 

10 

11 

5 

43 

CQUA02 

12 

11 

5 

11 

12 

6 

44 

CQUAD2 

13 

11 

9 

14 

15 

10 

45 

CQUAD2 

14 

11 

10 

15 

16 

11 

46 

CqUAD2 

15 

11 

11 

16 

17 

12 

47 

PQUA02 

11 

12 

0.5 

48 

MATl 

12 

10.6H 

0.3 

0.05 

49 

SPC1 

3 

246 

3 

9 

14 

50 

SPCl 

3 

135 

6 

12 

17 

51 

SPCl 

3 

135 

14 

15 

16 

52 

FLSYM 

4 

S 

A 

53 

EIGC 

1 

INV 

MAX 

♦El 

54 

+EI 

0. 

0. 

0. 

5. 

3. 

2 

2 

55 

ENDOATA 

Table  1.  Bulk  Data  Cards  of  Special  Relevance  to  Hydroelastic  Analysis 


AXIF  Indicates  the  existence  of  an  axisymnetric  fluid  analysis. 

BOYLIST  Defines  the  boundary  between  a fluid  and  a structure. 

CFLUID1 

(1*2»3  or  4)  Defines  three  types  of  fluid  elements. 


DHIAX 

FLSYM 

FREEPT 

FSLIST 

GRIDB 

PRESPT 

RINGFL 


Direct  Input  matrix  terms  for  axisyirmetric  fluid  or  structure  problems. 

Allows  fluid  boundary  matrices  to  conform  to  structural  symaetry 
definitions. 

Defines  points  on  the  surface  of  a fluid  for  surface  displacement 
output. 

Defines  the  fluid  points  which  lie  on  a free  surface  boundary. 

Defines  structural  grid  points  as  locations  on  a fluid  ring. 

Defines  pressure  points  in  the  fluid  for  pressure  data  output. 

Defines  a point  on  a fluid  ring. 
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Fluid:  Density,  p * 0.03 

Bulk  Modulus,  B « • 
Gravity,  g • 32.2 

Structure:  Thickness,  « 0.5 
Density,  p • 0.05 


I structure 
f Points 


Figure  1.  Sample  hydroelastic  problem. 
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Axis  of  Symnetry 


FSLIST:  : 36,  37,  38,  39,  40 

BOYLIST  #1:  AXIS,  22,  23,  29,  36 

BOYLIST  #2:  40,  35,  28,  21,  14,  7,  6,  5,  4,  3,  2,  1,  AXIS 


Figure  2.  Examples  of  boundary  lists. 


2- 


1 


25.  ACOUSTIC  CAVITY  ANALYSIS 


25.1  MODELING  OF  THE  ACOUSTIC  CAVITY 

The  NASTRAN  structural  analysis  system  is  used  as  the  basis  for  acoustic  cavity  analysis. 
Many  of  the  structural  analysis  options  such  as  selecting  boundary  conditions,  applying  loading 
conditions,  and  selecting  output  data  are  also  available  for  acoustics.  The  data  cards  speci- 
fically used  for  acoustic  cavity  analysis  are  listed  in  Table  1 and  described  below.  The  card 
formats  are  exhibited  in  Section  2.4  of  the  User's  Manual.  Their  purposes  are  analogous  to 
the  use  of  structural  data  cards.  A gridwork  of  points  is  distributed  over  the  longitudinal 
cross  section  of  an  acoustic  cavity  and  finite  elements  are  connected  between  these  points  to 
define  the  enclosed  volume. 

The  points  are  defined  by  GRIDF  data  cards  for  the  axisynmetric  central  fluid  cavity  and 
by  GRIDS  data  cards  for  the  radial  slots.  The  GRIDF  points  are  interconnected  by  finite  elements 
via  the  CAXIF2,  CAXIF3,  and  CAXIF4  data  cards  to  define  a cross  sectional  area  of  the  body  of 
rotation.  The  CAXIF2  element  data  card  defines  the  area  of  the  cross  section  between  the  axis 
and  two  points  off  the  axis  (the  GRIDF  points  may  not  have  a zero  radius).  The  CAXIF3  and 
CAXIF4  data  cards  define  triangular  or  quadrilateral  cross  sections  and  con-.ect  three  or  four 
GRIDF  points  respectively.  The  density  and/or  bulk  modulus  at  each  location  of  the  enclosed 
fluid  may  also  be  defined  on  these  cards. 

The  GRIDS  points  in  the  slot  region  are  interconnected  by  finite  elements  via  the  CSL0T3 
and  CSL0T4  data  cards.  These  define  finite  elements  with  triangular  and  quadrilateral  cross- 
sectional  shapes  respectively.  The  width. of  the  slot  and  the  number  of  slots  may  be  defined 
by  default  values  on  the  AXSL0T  data  card.  If  the  width  of  the  slots  is  a variable,  the  value 
is  specified  on  the  GRIDS  cards  at  each  point  The  number  of  slots,  the  density,  and/or  the 
bulk  modulus  of  the  fluid  may  also  be  defined  individually  for  each  element  on  the  CSL0T3  and 
CSL0T4  cards. 

The  AXSL0T  data  card  is  used  to  define  the  overall  parameters  for  the  system.  Some  of 
these  parameters  are  called  the  “default"  values  and  may  be  selectively  changed  at  particular 
cross  sections  of  the  structure.  The  values  given  on  the  AXSL0T  card  will  be  used  if  a corres- 
ponding value  on  the  GRIDS,  CAXIFi,  or  CSL0Ti  is  left  blank.  The  parameters  p (density)  and 
B (bulk  modulus)  are  properties  of  the  fluid.  If  the  value  given  for  bulk  modulus  is  zero, 
the  fluid  is  considered  imcompressible  to  the  prog-^am.  The  parameters  M (number  of  slots) 

25.1-1 


J 


I 


ACOUSTIC  CAVITY  ANALYSIS 


and  W (slot  width)  are  properties  of  the  geometry.  The  parameter  M defines  the  number  of 


equally  spaced  slots  around  the  circumference  with  the  first  slot  located  at  ♦ * 0®.  The  para- 


meter N (harmonic  number)  is  selected  by  the  user  to  analyze  a particular  set  of  acoustic 


modes.  The  pressure  is  assumed  to  have  the  following  distribution. 


p(r,z,4>)  = p(r,z)  cos  N* 


If  N = 0,  the  breathing  and  longitudinal  modes  will  result.  If  N * 1 the  pressure  at 


= 180®  will  be  the  negative  of  the  pressure  at  ♦ = 0®.  If  N » 2,  the  pressures  at  ♦ » 90® 


and  4>  * 270®  will  be  the  negative  of  that  at  » 0®.  Values  of  N larger  than  M/2  have  no  signi- 


ficance. 


The  Interface  between  the  central  cavity  and  the  slots  is  defined  with  the  SLBDY  data 


cards.  The  data  for  each  card  consists  of  the  density  of  the  fluid  at  the  interface,  the  number 


of  radial  slots  around  the  circumference,  and  a list  of  GRIDS  points  that  are  listed  in  the 


dequence  in  which  they  occur  as  the  boundary  is  traversed.  In  order  to  ensure  continuity  be- 


tween GRIDF  and  GRIDS  points  at  the  interface,  the  GRIDF  points  on  the  boundary  between  the 


cylindrical  cavity  and  the  slots  are  identified  on  the  corresponding  GRIDS  data  cards  rather 


than  on  GRIDF  cards.  Thus,  the  locations  of  the  GRIDF  points  will  be  exactly  the  same  as  the 


locations  of  the  corresponding  GRIDS  points. 


Various  standard  NASTRAN  data  cards  may  be  used  for  special  purposes  in  acoustic  analysis. 


The  SPCl  data  card  may  be  used  to  constrain  the  pressures  to  zero  at  specified  points  such  as 


at  a free  boundary.  The  formats  for  these  cards  are  included  in  Section  2.4  of  the  User's 


Manual.  Dynamic  load  cards,  direct  input  matrices,  and  scalar  elements  may  be  introduced  to 


account  for  special  effects.  The  reader  is  referred  to  Sections  1.4  and  1.5  of  the  User's 


Manual  for  instruction  in  the  use  of  these  cards. 
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2S.2  ASSUMPTIONS  AND  LIMITATIONS 

The  accuracy  of  the  acoustic  model  will  be  dependent  on  the  selection  of  the  mesh  of 
finite  elements.  The  assumption  for  each  element  is  that  the  pressure  field  has  a linear  ' 
variation  over  the  cross  section  and  a sinusoidal  variation  around  the  axis  in  the  circum- 
ferential direction.  In  areas  where  the  pressure  gradient  changes  are  large,  such  as  near  a 
sharp  corner,  the  points  in  the  mesh  should  be  placed  closer  together  so  that  large  changes 
in  flow  may  be  defined  accurately  by  the  finite  elements.  The  shape  of  the  finite  elements 
plays  an  Important  part  in  the  accuracy  of  the  results.  It  has  been  observed  that  long  narrow 
elements  produce  disproportionate  errors.  Cutting  a large  square  into  two  rectangles  will  not 
Improve  the  results  whereas  dividing  the  square  into  four  smaller  squares  may  decrease  the 
local  error  by  as  much  as  a factor  of  ten. 

The  slot  portion  of  the  cavity  is  limited  to  certain  shapes  because  of  basic  assumptions 
in  the  algorithms.  The  cross  section  of  the  cavity  normal  to  the  axis  must  have  a shape  that 
Is  reasonably  well  defined  by  a central  circular  cavity  having  equally  spaced,  narrow  slots. 
Various  shapes  are  shown  in  Figure  1 In  the  order  of  increasing  expected  error.  It  is  recom- 
mended that  shapes  such  as  the  cloverleaf  and  square  cross  section  be  analyzed  with  a full 
three-dimensional  technique.  The  assumption  of  negligible  pressure  gradient  in  the  circum- 
ferential direction  within  a slot  is  not  valid  in  these  cases. 

The  harmonic  orders  of  the  solutions  are  also  limited  by  the  width  of  the  slots.  The 
harmonic  number,  N,  should  be  no  greater  than  the  number  of  slots  divided  by  two.  The  response 
of  the  higher  harmonics  is  approximated  by  the  slot  width  correction  terms  discussed  in  the 
NASTRAN  Theoretical  Manual,  Section  17.1. 

The  output  data  for  the  acoustic  analysis  consists  of  the  values  of  pressure  in  the  dis- 
placement vector  selected  via  the  case  control  card  "PRESSURE  = i."  The  velocity  vector 
components  corresponding  to  each  mode  may  be  optionally  requested  by  the  case  control  card 
**STRESS  * 1,"  where  i is  the  set  number  indicating  the  element  numbers  to  be  used  for  output, 
or  by  the  words  "STRESS  = ALL."  The  "SET="  card  lists  the  element  or  point  numbers  to  be 
output. 

Plots  of  the  finite  element  model  and/or  of  the  pressure  field  may  be  requested  with  the 
NASTRAN  plot  request  data  cards.  The  central  cavity  cross  section  will  be  positioned  in  the 
XY  plane  of  the  Basic  Coordinate  System  of  NASTRAN.  The  slot  elements  are  offset  from  the  XY 
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plane  by  the  width  of  the  slot  in  the  +Z  direction.  The  radial  direction  corresponds  to  Z and 
the  axial  direction  corresponds  to  the  Y direction.  Pressures  will  be  plotted  in  the  Z direction 
for  both  the  slot  points  and  the  central  cavity  points.  The  Case  Control  data  cards  for  plotting 
are  documented  in  the  User's  Manual.  The  PL9TEL  elements  are  used  for  plotting  the  acoustic 
cavity  shape.  The  plot  request  card  "SET  n INCLUDE  PL0TEL"  must  be  used  where  n is  a set  number. 
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25.3  ACOUSTIC  CAVITY  SAMPLE  PROBLEM 
25.3.1  Description 

Section  25.3.2  contains  a listing  of  the  data  cards  used  as  a sinple  example  of  acoustic 
cavity  analysis.  The  problem  to  be  solved  Is  illustrated  in  Figure  2.  The  model  was  sub- 
divided into  only  ten  finite  elements  in  order  to  limit  the  number  of  data  cards.  For  reason- 
able engineering  accuracy,  this  model  should  be  subdivided  into  at  least  four  times  that  number 
of  elements. 

Each  data  card  in  the  listing  is  given  a number  on  the  left  side.  The  following  is  a 
brief  description  of  each  card: 

Card(s) 

1-5  Each  data  card  in  the  Executive  Control  Deck  has  the  format  of  a request  word  and  a 

selection  separated  by  blanks  or  a comma.  The  10  card  is  first,  the  CEN0*card  is 
last,  but  the  Intermediate  cards  may  appear  in  any  order.  The  user  may  put  any  pair 
of  words  on  the  10  card  for  identification  purposes.  In  this  particular  case  Rigid 
Format  number  3 (SBL  3,0}  was  chosen  which  is  Normal  Nodes  analysis.  A limit  of  two 
minutes  CPU  time  was  set  (TIME  2). 

6-7  The  TITLE*  and  SUBTITLE*  cards  may  contain  any  list  of  letters  and  numbers  following 

the  (*)  sign.  This  list  will  appear  on  the  first  two  lines  of  each  output  page. 

8 The  method  of  eigenvalue  extraction  is  selected  with  the  METHfO*  data  card.  The 

number  11  refers  to  the  identification  number  of  an  EIGR  bulk  data  card  which  appears 
below  as  card  32  and  33. 

9-11  A simple  output  request  is  illustrated  with  these  cards.  PRES*ALL  will  result  in 
printout  of  all  pressures  at  the  6RI0F  and  GRIOS  points.  STRESS*ALL  will  result  in 
the  printout  of  all  velocities  in  the  elements.  This  printout  will  occur  for  all 
extracted  eigenvectors.  Selected  points  or  elements  can  be  printed  via  the  SET 
card  described  in  the  User's  Manual. 

12  The  BEGIN  BULK  card  denotes  the  beginning  of  the  Bulk  Data  Deck.  The  Bulx  Data  Deck 

cards  may  occur  in  any  order.  Putting  these  cards  in  alphabetic  sort  will  save 
NASTRAN  sorting  time  in  large  problems,  however. 
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13  In  this  problem  all  the  parameters  except  slot  width  w^  are  constant  throughout  the 

volume.  The  data  values  on  the  AXSL0T  card  will  be  used  whenever  a corresponding 
entry  in  the  following  cards  is  blank. 

14-20  The  location  of  points  on  the  slot  are  defined  with  these  cards.  Cards  14 » 16,  18 
and  20  serve  a dual  purpose  by  defining  a GRIDS  point  identification  nianber  in  field 
2 and  a GRIDF  point  identification  number  in  field  6.  The  two  types  of  points  there- 
by are  forces  to  have  the  same  locations  at  the  interface. 

21,22  The  location  of  points  within  the  axisymmetric  fluid  cavity  are  described  by  the 
GRIDF  card.  No  points  are  allowed  to  have  a zero  or  negative  radius. 

23-31  These  cards  describe  tiie  elements  shown  in  Figure  2.  Each  element  is  given  a unique 
identification  number  and  a list  of  the  connected  GRIDS  or  GRIDF  points.  Since  the 
parameters  p and  B are  constants,  these  fields  are  left  blank  so  the  values  on  the 
AXSb0T  card  will  be  used. 

32,33  The  EIGR  card  is  used  to  define  parameters  for  eigenvalue  extraction  (resonant  frequen- 
cies). More  than  one  of  these  cards  may  appear.  The  method  to  be  used  is  selected 
with  the  METHOD*  data  card  in  the  Case  Control  Deck  (card  8).  With  this  particular 
card  we  selected  the  Givens  Tridiagonal ization  method  (GIV)  with  a desired  number  of 
three  (Nd  = 3)  output  nrode  shapes.  The  modes  will  be  normalized  such  that  the 
maximum  pressure  is  1.0  (N0RM=MAX).  These  two  cards  illustrate  a continuation  card. 

34  The  SLBDY  card  defines  the  boundary  between  the  slot  and  the  central  cavity.  Both  the 

density  (p)  and  the  number  of  radial  slots  (M)  are  blank  so  the  AXSL0T  defaults  are 
used,  i.e.,  p = 1.2x10*^  and  M = 4.  Only  four  GRIDS  points  are  on  the  boundary  so 
a continuation  card  is  not  necessary.  Field  8 being  blank  signifies  the  last  entry. 

35.  The  ENOOATA  card  is  required  to  denote  the  end  of  the  bulk  data.  Any  following  cards 

will  be  ignored  by  fiASTRAN. 
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25.3.2  Orivtr  Otck  »nd  Bulk  D>t>  LIttIwg 


Card 

JSSL 

1 10  AC9US.CAY 

2 APP  OISP 

3 S|L  3.0  Executive  Control  Cards 

4 TINE  2 

5 CEND 

6 TITLE  • ACOUSTIC  CAVITY  EXANPLE  PROBLEM 

7 SUBTITLE  - FIRST  HARNONIC 

8 METHfO  > 11 

9 OUTPUT  Case  Control  Datacards 

10  PRES  ■ ALL 

1 1 STRESS  - ALL 

12  BEOIN  BULK  * 


1 

2 

3 

4 

5 

6 

t 

8 

9 

10 

13 

AXSLIT 

1.2-7 

21.0 

1 

4 

14 

GRIDS 

2 

4,0 

0.0 

0.2E  01 

1 

15 

GRIDS 

3 

8.0 

.0 

1.0 

16 

GRIDS 

5 

4.0 

4.0 

2.0 

4 

17 

GRIDS 

6 

8.0 

4.0 

1.0 

18 

GRIDS 

8 

4.0 

8.0 

2.0 

7 

19 

GRIDS 

9 

8.0 

8.0 

1.0 

i 

20 

GRIDS 

12 

4.0 

1.2^1 

2.0 

11 

21 

GRIDF 

10 

2.0 

12.0 

22 

GRIDF 

13 

2,0 

1.4E1 

23 

CSL0T4 

1 

2 

3 

6 

5 

24 

CSLBT4 

2 

5 

6 

9 

8 

25 

CSL0T3 

3 

8 

9 

12 

26 

CAX1F2 

4 

1 

4 

27 

CAXIF2 

5 

4 

7 

1 

28 

CAXIF2 

6 

7 

10 

29 

CAX1F2 

9 

10 

13  1 

30 

CAXIF3 

7 

7 

10 

n 

31 

CAX1F3 

8 

10 

11 

13 

32 

EtGR 

n 

GIV 

3 

^AB 

33 

>AB 

34 

SLBOY 

12 

a 

5 

2 

35 

ENOOATA 

I 

i 

1 
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Table  1.  Bulk  Oeu  Cerds  of  Special  Relevance  to  Acoustic  Cavity  Analysis 


AXSL0T 

CAXIF1 


Contains  the  hamonic  Index  and  default  values  for  several  poraneters. 


0-2.3  or  4)  Defines  an  axlsynnetrlc  eleawnt  which  connects  1 fluid  points 

Cl  m-ri  ■•••  . 


CSLfTI 
(1-3  or  4) 

GRIDF 

GRIDS 

SLBOY 


Defines  evenly  spaced  radial  slots. 

. sc.t.r  <1^  ^ 

. M.l.r  of  fr.^10.  . ,„.o, 
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Figurt  1.  ModtHng  trron  for  various  sAopts. 
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acoustic  cavity  analysis 


Par—ters: 

o • x 10*^  lb-sec^/1n^ 

Bulk  Modulus:  B « pa^  • yRT  • 20.59  Ib/ln^ 

Harmonic:  R “ ' 

Number  of  slots : M • 4 

Note:  Cons1ste.it  Dimensional  Units  must  be  used. 

PINITE  ELEMENT  MODEL: 


r 


figure  2.  Description  of  example  problem. 
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26.1  FULLY  STRESSED  DESIGN  THEORY 

Tht  fully  strussfd  dtsign  option  Is  part  of  th«  static  analysis  Rigid  Format  for  structural 
analysis.  Th.  thaoratlcal  basis  Is  pros«,ted  -ore  fully  In  the  Th«,r.t1cal  Hanual.  Th.  Bulk 
OaU  cards  of  sptclal  rolavanc.  to  fully  stressed  design  are  listed  In  Table  1.  Essentially, 
houever.  the  process  begins  by  performing  a static  analysis  for  .11  loading  conditions  using 
the  Initial  values  tor  all  element  properties.  A new  property,  ^2*  ***  scaled  such  that 


^2  • ’’i  [anrf  f^] 

where  P,  Is  the  current  property  value  of  y Is  an  Iteration  factor  with  a default  value  of 
unity.  Thu  sc«1t  factor*  a*  Is  defined  as  follows: 

• 

where  a is  a stress  value  and  Is  a stress  limit.  The  maximum  value  of  a Is  taken  for  all 
loading  conditions.  Values  of  y smaller  than  unity  limit  the  property  change  In  a single 
Iteration,  and  thereby  tend  to  .improve  the  stability  of  the  process.  The  maximum  change  In 

any  property  is  limited  by 


Mr.  P,  U th.  <hUl.l  .»  Prop.rt>  .hP  .tPr-t-PP''"* 

CohMrMC.  It  •chl.v«l  by  coi,l.tlh9  th.  w.r-,i>«ltl«l  »'  it«»ttoM.  by  h.»lh. 
.11  uIkM  .Wt  pr.p.rtl.5  r«ch  th.  .„r.,p«lfl«l  ILUt.  or  by  ..tl.fyli..  th.  f.llo.1.. 

convergence  criteria: 


■ 0 


hi 


0 


t 


< c 


(4) 


where  c Is  a user-supplied  convergence  limit. 
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26.2  APPLICATION 

Functional  modules  (6PTPR1  AND  #PTR2)  are  provided  to  automatically  adjust  the  properties 
based  on  maxi mum- stress  levels,  and  to  control  the  number  of  design  Iterations  based  on  user- 
supplied  convergence  criteria.  All  elements  using  a common  property  are  sized  together,  i.e., 
a plate  with  uniform  thickness  remains  uniform.  If  the  user  wishes  to  scale  the  properties  for 
each  element  separately,  each  element  must  have  its  own  property  card.  After  a sufficient  number 
of  iterations,  the  element  properties  will  be  adjusted  to  the  minimum  values  necessary  to  carry 
the  prescribed  loads.  The  following  actions  are  required  by  the  user  to  utilize  the  fully 
stressed  design  capability: 

1.  The  user  must  select  stress  output  in  the  Case  Control  Deck  for  all  elements  that 
will  participate  in  the  fully  stressed  design. 

2.  All  required  stress  limits  must  be  specified  on  the  structural  material  cards  asso- 
ciated with  element  properties  that  will  participate  in  the  fully  stressed  design. 

3.  The  property  optimization  parameters  must  be  specified  on  the  bulk  data  card  PUPT. 

This  card  contains  user-specified  values  for  the  maximum  number  of  iterations,  the 
convergence  criteria  (e).  the  iteration  factor  (y).  and  output  options  to  print  and/ 
or  punch  the  calculated  values  of  the  element  properties. 

4.  The  property  optimization  limits  and  must  be  specified  on  the  PLIMIT 

bulk  data  card  if  the  user  wishes  to  limit  the  maximum  and  minimum  values  of  the 
element  properties. 

The  detailed  definitions  of  the  scale  factors  for  each  of  the  element  types  are  given  in 
Table  1.  The  symbols  o^.  o^.  and  represent  the  limiting  stress  values  in  tension,  com- 

pression and  shear,  given  on  the  structural  material  catds.  All  of  the  properties  listed  for 
each  element  are  scaled  in  the  same  way,  i.e..  both  are  the  area  and  torsional  constant  for 
the  RfO  are  modified  using  the  same  scale  factor.  Some  bulk  data  cards  which  are  of  special 
ingwrtance  to  this  type  of  problem  are  listed  in  Table  2. 
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26.3  SAMPLE  PROBLEM 

An  txMpIc  Is  presented  here  to  Illustrate  the  fully  stressed  design  technique  using 
Rigid  Foreiat  1 . 

26.3.1  Description 

A flat  plate  with  a reinforced  hole  In  the  center  is  optimized  for  stresses  due  to  a 
uniform  end  load.  Restrictions  on  the  minimum  thickness  are  maintained.  The  plate  Is  shown 
In  Figure  1.  and  the  finite  element  Idealization  Is  Illustrated  In  Figure  2.  This  problem  has 
been  Investigated  by  G.  G.  Pope  (Reference  1).  Due  to  synmetry,  only  one  quadrant  Is  modeled. 
Due  to  the  membrane  load,  all  rotations  and  normal  displacements  are  constrained.  The  QCMEM 
and  TRMEM  elements  are  used  for  the  plate  and  RRO  elements  for  the  reinforcement  around  the 
hole. 

The  problem  demonstrates  several  features  unique  to  fully  stressed  design  capability  to 
NASTRAN. 

1.  Elements  with  no  limits  on  the  range  of  the  property  change,  i.e.,  the  RRD  has  no 
PLIMIT  data. 

2.  Elements  with  a lower  limit  on  the  property  optimization  card.  All  membrane  elements 
are  required  to  have  a resultant  thickness  which  must  not  be  less  than  a minimum 
thickness.  This  minimum  is  determined  from  the  thickness  obtained  when  the  plate 
without  a hole  Is  subjected  to  an  end  load  at  a prescribed  stress  limit. 

3.  Elements  whose  stress  is  not  Inspected  but  being  in  an  area  of  nearly  uniform  stress 
have  their  properties  changed  due  to  another  element's  stress.  Element  7 has  no 
stress  request  but  does  have  the  same  property  identification  number  ss  element  17. 
This  type  of  optimization  can  save  computer  time  at  the  expense  of  a design  that  may 
not  be  truly  optimized. 

4.  A property  whose  value  depends  on  the  maximum  stress  of  two  elements.  Elements  5 
and  15  have  the  same  property  card.  This  option  ma>  be  necessary  If  insufficient 
core  is  allocated. 

5.  Teagwrature  dependent  stress  limits  for  material  3. 
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6.  Using  one  stress  limit  only.  The  membrane  elements  use  ttie  meximum  principal  shear 
only  which  is  1/2  the  major  principal  stress  allowed.  This  stress  limit  was  chosen 
to  model  better  the  octahedral  limit  uses  in  Reference  1. 

The  rod  elements  use  only  the  tension  and  compression  stress  appropriate  to  the 


given  property. 

namely,  area. 

7.  An  additional  load  case  that  was  not  included  in  the  fully  stressed  design  because 
a stress  request  was  not  made.  The  second  subcase  may  be  considered  a displacement 
verification  of  this  load  case. 

3.2  Input 

1 . Parameters 

• 

1 = 30.0  in 

(total  length) 

w • 20.0  in 

(total  width) 

d « 10.0  in 

(hole  diameter) 

tjj  - 3.348  in 

(initial  plate  thickness) 

Ajj  « 1.674  in^ 

(initial  rod  cross  sectional  area) 

E * 30.xl0^  psi 

(modulus  of  elasticity) 

V • 0.3 

(Poisson's  ratio) 

tg  - 1.0  in 

(lower  limit  for  plate  thickness  corresponding  to  a 25.0x10^ 
maximum  principal  stress) 

2.  Boundary  conditions: 

on  y » 0 plane,  » 0 (symnetry) 
on  X ■ 0 plane,  u^^  * 0 (symnetry) 
all  points  ® (permanent  constraints) 

3.  Loads: 

First  subcase:  uniform  load,  F^q  » 25.0x10^  Ib/in 

Second  subcase:  at  grid  points  69  and  79.  F^^  “ 1000.0  lb 
at  g-id  point  78.  F^^  * -2000.0  lb 
(contact  load  on  rim  of  hole  - displacement  check  only) 
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26.3.3  Thtory 

The  mathematic*!  programming  technique  used  in  Reference  1,  from  which  the  example  problem 
was  taken,  differs  from  the  one  used  in  NASTRAN  or  described  above  and  in  the  Theoretical 
Manual.  Section  4.4.  The  two  techniques  might  be  expected  to  give  similar  results  when  the 
same  model  is  used.  However,  Reference  1 employs  elements  which  allow  varying  properties 
and  stresses,  while  NASTRAN  elements  allow  only  constant  properties  and  stresses.  Somewhat 
different  geometry  is  used  in  the  NASTRAN  model  to  include  the  use  of  quadrilateral  elements 
for  illustration.  Additional  features  of  the  NASTRAN  model  are  discussed  in  items  3.  4 and  5, 
Section  26.3.1  above. 

26.3.4  Resul ts 

The  optimization  process  in  this  problem  is  terminated  at  five  iterations.  The  initial- 
weight-to-final -weight  ratio  is  2.70,  compared  to  Pope's  result  of  2.63.  Tables  3 and  4 show 
the  optimized  nondimensional  properties  of  the  elements  around  the  arch.  Note  that  the  results 
from  reference  1 are  averaged  to  provide  an  equivalent  constant  property  element  for  coaiparison. 
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26.3.5  Driver  Deck  and  Sample  Bulk  Data 


NASTRAN  FILES- (PLT2) 

ID  DEM1161.NASTRAN 

APP  DISPLACEWNT 

S«.  1,0 

TIME  9 

OIAG  8 


TITLE  « FULLY  STRESSED  DESIGN  (IF  A PLATE  WITH  A REINFORCED  HOLE 
SUBTITLE  = NASTRAN  DEMONSTRATION  PROBLEM  NO.  1-16-1 
LABEL  =>  TEMPERATURE  DEPENDENT  MATERIALS. 

TEMPERATURE(MATERIALS)  « 3000 
SPC  = 11 

DISPLACEMENT  = ALL 
SUBCASE  10 

LABEL  = DESIGN  CASE  - UNIFORM  END  LOAD 
SET  111  = 1 THRU  105  EXCEPT  7 
STRESS  =111 
LOAD  = 10 
SUBCASE  12 

LABEL  = CHECK  CASE  - CONTACT  LOAD  AT  NOZZLE. 

LOAD  = 12 

PLOTID  = NASTRAN  DEMONSTRATION  PROBLEM  NO.  1-16-1 
OUTPUT (PLOT) 

PLOTTER  SC 

SET  1 = 1 , 7,  38.  61,  69 
SET  2 = INCLUDE  ELEMENTS  QDMEM,  TRMEM 
MAXIMUM  deformation  0.8 
AXES  Z,  X.  Y 
VIEW  0.0,  0.0,  0.0 
FIND  SCALE,  ORIGIN  12,  SET  1 
PTITLE  = ARCH  MODEL 
PLOT  SET  2.  ORIGIN  12  LABEL 

PTITLE  = DEFLECTION  VECTORS  FOR  BOTH  LOADS  AND  EACH  ITERATION 
PLOT  STATIC  DEFORMATION  SET  2,  ORIGIN  12,  VECTOR  RXY,  SYMBOL  7 
FIND  SCALE,  ORIGIN  12,  SET  1,  REGION  0.0,  0.0,  0.6,  1 0 
PTITLE  = ARCH  MODEL  REFLECTED  ABOUT  VERTICAL  AXIS 
PLOT  SET  2.  ORIGIN  12.  SYIWETRY  X.  SET  2,  ORIGIN  12 
BEGIN  BULK 
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Table  1.  Scale  Factors  for  Fully  Stressed  Design 


Element 


Stress  Value  Used 


Axial  Tension  (o^) 
Axial  Compression  (02) 
Torsion  (t) 


Fiber  Stress  j End  a (o^^) 
Tension  { End  b (0|j^) 

Fiber  Stress  End  a (0^2^ 
Compression  { End  b (0^2^ 


TRMEM  Principal  Tension  (o^) 

Principal  Compression  (02) 
QDMEM  Maximum  Shear  (t^) 


Same  as  Above 

(Fiber  Distances  Zi  & Z2) 


Same  as  Above 


Same  as  Above 


Scale  Factor  (o) 


Same  as  Above 


Same  as  Above 


Same  as  Above 


Properties  Changed 


Area  (A) 

Torsional  Constant  (J) 


Area  (A) 

Torsional  Constant  (J) 
Moments  of  Inertia 

{^l » 12*  ^12^ 


Thickness  (t) 


Moment  of  Inertia  (I) 


Moirient  of  Inertia  (I) 
Membrane  Thickness  (t^) 


Thickness  (t) 


SHEAR  Maximum  Shear  {-x^) 


Thickness  (t) 


ORIGINAL  PAGE  IS 
OF  POOR  QUALITY 
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Bulk  Data  Cards  of  Special  Relevance  to  Fully  Stressed  Design 


FDRCE 

MATl 

MATTl 

PLIMIT 

pgpT 

TABLEMl 

TEMPO 


Defines  a static  load  at  a grid  point. 

Defines  the  material  properties  for  linear,  temperature* Independent, 
Isotropic  materials. 

Specifies  table  references  for  material  properties  which  are 
temperature  dependent. 

Defines  the  maxlmua  and  minimum  limits  for  ratio  at  new  property 
to  original  property. 

Defines  the  basic  parameters  and  existence  of  a property 
optimization  analysis. 

Defines  a tabular  function  for  use  In  generating  temperature- 
dependent  material  properties. 

Defines  a default  temperature  for  all  grid  oolnts  at  the 
structural  model  which  have  not  been  given  a temperature  on 
a TEMP  card. 
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T«b1#  3.  OptiMxeU  MoiHl1«»n$1on*1  Th1ek««»»  Co«p«rUoi». 


Element 

Orlginel 

t/t. 

Nefertnct  1 
Avtregt 

NASTRAN 

t/t. 

37 

3.348 

1.24 

1.00 

38 

3.348 

1.00 

1.04 

39 

3.348 

1.00 

1.00 

46 

3.348 

2.10 

1.14 

47  ■ 

3.348 

1.34 

2.00 

57 

3.348 

3.32  . 

1.34 

59 

3.348 

3.19 

4.40 

67 

3.348 

4.58 

5.47 

68 

3.348 

3.26 

1.00 

59 

3.348 

4.52 

5.49 

Table  4.  Optimized  Nondiroensionel  Are*  Comperifons. 


Eleftient 

Original 

A/dt, 

R^ftrwce  1 
Aver«gt 

1 

NASTRAN 

A/dt, 

101 

.1674 

.0249 

.00716 

102 

.1674 

.0238 

0.0  effective 

103 

.1674 

.0636  ' 

.05019 

104 

.1674 

.1880 

.1839 

105 

.1674 

.3540 

.3287 

....  . 

_ 

...  ...  
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